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Humans and animals interaction is showing promise as a way to provide complementary 
and alternative medicine for humans.  An evidence based approach to measuring this interactio  
is required. Children have an affinity for animals that could be useful therapeutically.  Emotional 
stress and trauma impacts the neurobiology of children, who are vulnerable given the 
developmental plasticity of the brain.   Some research suggests that neuropeptides and 
neuromodulators in both humans and the animals are mutually altered through human animal 
interaction, resulting in the attenuation of stressful responses in both (Yorke, in pr ss;  Uvnas-
Moberg, 2009). Human or animal touch, proximity and mind body interaction has been found to 
contribute to trauma recovery (Brooks, 2006; Perry, 2006; Van der Kolk, 2003; Yorke, Adams & 
Coady, 2008).  Trauma results in the release of the peptide glucocortisoid, or cortisol leading to 
an ongoing over-arousal of the anatomic nervous system (ANS). Kindling (sensitivity) of the 
brain, a result of stress, ironically makes the brain more receptive to attunement and enriched 
environments (Francis & Meaney, 1999; Kramer, 1993; Putnam, 2005).   Attunement with others 
as well as enriched environments is prophylactic, contributing to resilience and normal brain 
development (Caldji, Diorio & Meaney, 2000; Carter, 1998; Lewis & Todd, 2007; Nelson, 2000; 
Shore, 2003).  
The empirical evidence indicates that companion animals impact humans in helpfulways 
(Friedmann, Katcher, Thomas, Lynch & Messent, 1983; Shiloh, S., Sorek, G., & Terkel, J., 
2003; Virues-Ortega, & Bruela-Casal, 2006; Wilson, 1991; Uvnas-Moberg, 2009).  Equine-
human interaction in particular has demonstrated contradictory results (Bass, Duchowny & 
Llabre, 2009; Davis, 2009; Schultz, Remick-Barlow & Robbins, 2007).  Equine-human 
interaction can be viewed as a kind of ‘mind body experience’ that incorporates the 
characteristics of affiliation and attunement into a child’s environment (Figer & Arnold, 2002).   
A pilot study, multiple base line, single case design of four traumatized children, eight to ten 
years old and four therapeutic riding horses explores the neurobiological interction between the 
children and horses.  It hypothesizes that there will be physiological resonance and symmetry in 
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The treatment of human malady is derived from centuries of experience helping both 
human and non-human animals recover from illness.  Most pandemics that threaten humans have 
zoonotic (animal) origins.  Until modern times, veterinary medicine and human medicine were 
practiced together.  The division of these practices grew in the early 20th century, with public 
health initiatives soliciting fewer contributions from veterinarians and the rise of prominence in 
allotropic medicine in North America.  New technology and research have fueled th  growing 
awareness of the complexity of animals and the significance of human-animal relationships to 
ecology and health.   There is a renewed recognition of the importance of addressing human and 
non-human health concerns together.   Sherman (2005) notes that “…the problems of wild 
animals, domestic animals, humans and the environment are inextricably intertwined” (p.158). 
Sherman and most notably Schwabe (1984) have written about the notion of ‘one medicine’, a 
concept that encompasses addressing the needs of both human and non-human animals to 
mutually maintain the wellness of both (Mitchell, 2005; Stewart, Cowden, McMenamin & 
Reilly, 2005; Roeder, 2005; Schelling,Wyss, Bechir, Doumagoum & Zinsstag, 2005; Schwabe, 
1984).   
 One medicine in this context also refers to the reciprocal interaction effect all species and 
the natural environment have on one another.  Brofenbrenner’s bio ecological theory might refer 
to this as “proximal processes,” (Brofenbrenner & Evans, 2000).  Proximal processes are  
“…processes of progressively more complex reciprocal interaction between an active, evolving 
biopsychological human organism and the persons, objects and symbols in its immediate 
external environment” (Brofenbrenner, 2005, p.6). These processes are described as significant 
contributing factors to human development.  Human animal relationships would be considered 
one aspect of how humans interact with their environment.   There is a need to accrue empirical 
evidence to suggest that this interaction may contribute to physiological and neurobiological 
development in humans.    The study of complementary and alternative interventions in wester
medicine explores the role that the human environment plays in development and health.   
In 1998 the National Institute of Health (NIH) in the United States created the Institute of 
Complementary and Alternative Approaches to Health nd increased funding to study 
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complementary alternative medicine (CAM) (Breuner, 2006). CAMs are describ d as mind-body 
techniques that address the relationship between the environment and human physiology, in 
some cases neurobiology, resulting in improvement of health.  These approaches target the 
connection between physiological and neurobiological processes that traditional healthcar  
approaches do not.  CAMs include a wide and varied range of interventions such as acupuncture, 
eye movement desensitization, music therapy, reflexology, massage, chiropractic medicine, 
biofeedback, hypnosis, transcendental meditation or traditional cultural interventions like 
shamanism and animal-assisted interventions.  Many of these approaches are acknowledged and 
utilized by social work, psychology, nursing and human and veterinary medicine, and are 
supported by an accumulation of empirical research (Finger & Arnold, 2002; Henderso , 2000; 
Irwin, 2004; Johnson, Meadows, Haubner & Sevedge, 2003; Jorgenson, 1997; Money, 2001; 
Roberts, 2004; Sheve, 2004; Wago & Deng, 2004; Yamaguchi, 2004).  
An example of a CAM in human animal interventions is the provision of a weekly visit 
with an animal (dog, cat, or rabbit) to a pediatric oncology ward of a children’s hospital. Touch, 
proximity and interaction between the child and animal activate systems in both (seeking 
behaviors, reward behaviors).  Increased visits would assist children in getting throu h radiation 
or chemotherapy.  Visits also coincide with painful procedures, allowing the child to focus on the 
animal as a pain management technique. The interaction with the animal becomes a t ol in the 
process of treatment and recovery.  The child and animal develop a rapport which becomes 
apparent from their respective body language and the child’s requests for longer or more visits. It 
is a form of communication that mirrors therapeutic interactions between humans in counseling, 
physiotherapy and other healing exchanges.  Children’s depression and anxietywould be 
measured before and after the visit. This kind of program has been developed at the University of 
Tennessee College of Veterinary Medicine and is called the Human Animal Bond in Tennessee 
(HABIT) but research on this program has not been conducted.   It is representative of the kinds 
of work performed in animal assisted therapy programs 
(http://www.vet.utk.edu/habit/about.php).  Unfortunately many of these programs run on the 
good will of veterinary hospitals, community organizations and volunteers. The lack of resourc s 
has prevented evaluation components from providing evidence that demonstrates the impact of 
human animal interventions.   
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For social work, one medicine, the bio ecological perspective and CAMs collective y 
provide a profound recognition of the fundamental principles of the profession, specifically with 
respect to the person-in-environment perspective (Boehm, 1961; Bartlett, 1958; Stein, 1961; 
Germain & Gitterman, 1980; Germain, 1981; Siporin, 1980, 1983).  Social work has begun to 
utilize CAMs in programming and practice, as well as conduct research and teach alternative 
approaches in their curricula (Cook, Becvar, & Pontious, 2000; Finger & Arnold, 2002; 
Henderson, 2000).  Social work’s person-in-environment perspective is ecological and lends 
itself well to the use of CAMs by utilizing the integration of natural elements of the client’s life 
(music, animals, nurturing touch, and traditional folk medicine) into the process of advocacy, 
empowerment and support of change.  This “includes the examination of the environment as a 
critical factor both in causing as well as solving individual problems (Reich, 1995)” (Haynes, 
1998, p.508).   The person-in-environment perspective in social work focuses on the “goodness 
of fit” between the individual and their environment, with an emphasis on “reciprocation and 
exchange” (Saleebey, 1992, p. 113). Brofenbrenner’s bio ecological framework underpins this 
perspective, citing that environmental influences at strategic times in development are 
responsible for evolving potential genotypes (innate characteristics) to phenotyp s (overt 
characteristics) in humans (Brofenbrenner & Ceci, 1995).  
Some researchers and academics in social work and other social sciences have r ponded 
to the use of CAMs by claiming they are based on pseudoscience and emphasizing the 
importance of an ‘evidence based’ approach in the use or endorsement of any interventon 
(Gilgun, 2005; Gambrill, 2001, 2003; Wakefield, 1995). Evidence based approaches to 
healthcare are the focus of the 21st century in many helping disciplines.  Rigorous research is a 
key to having CAMs recognized as efficacious and it requires succinct and measured pproaches.  
Legitimacy is important for CAMs to move from the margins to the mainstream of healthcare 
interventions. Numerous studies of CAMs, specifically in music therapy, and more recently 
meditation and mindfulness demonstrate the impact they have on the brain (Davidson, 2001; 
Gridley, 2006; Alvin, 1966; Lefevre, 2004; Nordoff & Robbins, 1971).  Research is beginning to 
mount to support the effectiveness of animal assisted interventions in this regard (Oden aal, 
2000; Uvnas-Moberg, in press).  Understanding the role that CAMs can play in developmental 
processes, as environmental influences and/or mechanisms that promote attunement with others, 
is rooted in the work of neuroscience over the past decade. 
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This study has measured the impact that four children and four horses have on the stress 
levels of each other, using a multiple base line single case design.  Over a12 day period it 
tracked the levels of a stress hormone, heart rates and behavior changes that each respectively 
had, while participating in a therapeutic riding program with each other.  Behavioral changes are 
not included in this discussion of the study.  Children’s experiences in the therapeutic riding 
program were compared to their experience writing stories and drawing pictures in the same 
rural setting.  The discussion of this study will include a literature review, the methodology, 
results, analysis, discussion, limitations and recommendations based on the findings.   
Statement of Problem 
 Traumatized children are difficult to treat given the neurobiological impact of stress, 
abuse, or maltreatment. Equine human intervention may offer a unique alternative to traditional 
treatment. The horses may benefit as well.  Little if any evidence exists to empirically support 
the neurological effectiveness of this kind of intervention for children and horses.   
Purpose of the Study 
 The purpose of this study is to determine if the interaction between horses and humans 
has neurobiological implications for recovery from trauma in children and wellness in 
therapeutic riding horses.  The goal of the study is to determine if equine assisted activities 
(EAA) help to reduce the symptoms of stress and anxiety in traumatized children and therapeutic 
horses.  
Objectives of the Study 
 It will attempt to address the following questions: 
1. a) Is the experience of grooming and riding a horse associated with a decrease in 
traumatized children’s heart rate and cortisol levels, and anxiety-related behaviors 
(cognition, impulse control and emotional regulation)? 
b) Is the experience of being groomed and ridden associated with a decrease in the 
horse’s heart rate and cortisol levels, and does it invoke behaviors indicative of reduced 
stress in therapeutic riding horses?  
2. Do the horse and rider affect each other’s cortisol level, heart rate and behaviors during 







The researcher hypothesizes that: 
1. Individual children’s cortisol levels, heart rates, and behaviors will move from non-
normative to normative levels during grooming and riding. The horses’ cortisol levels 
will fall to concentrations that indicate a reduction in stress during grooming and riding. 
2. After ongoing interaction between traumatized children and therapeutic riding horses, 






Review of the Literature 
Overview 
Affiliation and attunement with others contributes to neurobiological development in 
mammals (Carter, 1998; LeDoux, 1998; Francis & Meaney, 1999; Panksepp, 2004; Perry, 2002, 
2006; Van der Kolk, 2003).  Neurobiological research has laid the groundwork that provides 
succinct theoretical and practical explanations for the contributions that CAMs can make to 
“enriched environments”; an important element in the process of growth and change. Enriched 
environment refers to having access to surroundings that are complex, facilitate learning and are 
socially stimulating; not reliant on a single factor but the combination and interaction of several 
factors that stimulate growth and change (Pragg, Kempermann & Gage, 2000; Bredey, 
Humpartzoomian, Cain & Meaney, 2003).  The work of Panksepp (2004) and LeDoux (2001) 
demonstrates the importance of nurturing interaction with others to healthy brain development in 
both human and non-human species. These nurturing interactions contribute to enriched 
environments.  Shore (2003) and Lewis (1995, 2005, 2007) outline the significance that 
affiliative behaviors and emotional attunement have on neural processes of cognition a d 
learning.  Accordingly, two significant ecological theories, the biophilia theory and the bio 
ecological theory  identify the importance of the environment (Brofenbrenne, 1979, 1994; 
Wilson, 1984; Kahn, 1997; Kellert & Wilson, 1993) and support the premise that “…the brain 
was hardwired with a predisposition to pay attention to animals…” and “….animals are 
demonstrably a source of social support.” (Beck & Katcher, 2003, p. 80).  Biophillia, or the 
notion that humans have an attraction to things in nature theoretically supports the understanding 
that complex environmental factors play a role in human development. The bio ecological theory 
provides a systems perspective, emphasizing the importance of the immediate environment and 
other interacting contexts – community, culture, genetics, to name a few.    
Developmental neurobiological research contends that the fundamental forces that 
contribute to human growth and subsistence are emotion, touch and proximity.  These are key 
factors in the infant-caregiver interaction.   Emotion presupposes cognitive development and is 
essential to the process of attachment to primary caregivers (Lewis, 1995, 2005).  Touch and 
proximity are elemental to affiliation and attunement (Fleming, O’Day & Kraemer, 1999; 
Francis & Meaney, 1999; Shore, 2003).  Attachment is fundamental to development of the brain 
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(Perry, 2002, 2006; Van der Kolk, 2003).  A discussion of how these theories lend themselves to 
an exploration of the role that CAMs (human animal interaction specifically) pla in ddressing 
stress and trauma effects in children is useful. Trauma effects in children are profound and have 
implications for changes in long term development (Glaser, 2000; English, 1998; Cicchetti & 
Lynch, 1993; Perry, 2006; Van der Kolk, 2003).  CAMs may provide an alternate way of 
addressing or reversing those effects by providing stimulation and enrichment in the e vironment 
and intervening at a neurobiological level, where traditional approaches have failed.  
Brain research has revealed the critical nature of the mind body link in childhood 
development and how trauma interrupts it (Cicchetti & Lynch, 1993; Curtis & Cicchetti, 2003; 
Perry, 2006; Van der Kolk, 2003). Trauma effects on the developmental neurobiology of the 
brain can be the result of a disrupted attachment or chronic stress, maltreatment, negl ct abuse or 
witness to violence (Glaser, 2000). The age that a child experiences trauma, the amount of 
trauma and the extent to which it is ongoing all have an impact. Trauma responses can b  rel tive 
to the particular child and can be related to many mitigating factors.  A child’s experience in war, 
famine or impoverished conditions differs from a child’s experience in an affluent community at 
peace (Thabet & Vostanis, 2000). It is evident however that violence and trauma in urb n 
American neighborhoods is offensive for the developmental process in children (Ais berg & 
Mennen, 2000; Breslau, Wilcox, Storr, Lucia, & Anthony, 2004; Graham-Berman, DeVoe, 
Mattis, Lynch & Thomas, 2006).  Researchers understand the complexity of the neurophysiol gy 
of trauma better now than ever before noting that nurturing, safety, and healthy interaction are 
key ingredients in healthy development of the brain (LaDoux, 2001; Lewis, 2007; Panksepp, 
2004). Research has begun to unravel the mechanisms of trauma that contribute to “…difficulties 
with cognition, impulse control, aggression, and emotion regulation commonly observed in 
severely traumatized children” (Van der Kolk, 2003, p.293).  
Human-animal relationships appear to have some impact on neurochemical processes in 
the brain, through affiliation. Searches in the published literature using relevant dat bases and 
journals revealed some literature that examines therapeutic equine human interaction. Searches 
were carried out across noted human animal journals (Anthrozoös), in PubMed, as well as social 
work, psychology, veterinary and applied animal behavior journals and databases for related 
material.  To date there is no published literature that looks at the neurobiological inter ction 
between children and horses in therapeutic riding interventions.  Therapeutic riding p ograms 
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provide unique opportunities for children to interact with animals in a rural environment.  A 
review of the literature in equine assisted interventions is helpful in understanding the 
contributions it can make to trauma recovery in children.  
Demonstrating the use of human animal interaction as a viable evidence-based resource 
for addressing trauma in children requires a discussion of four different bodies of lit rature: 1) an 
overview of the importance of environment in human health that includes a brief review of the 
usefulness of CAMs, a review of the literature on biophilia and bio ecological theories as well as 
a review of the neurobiology of emotion and attachment  and the role of social support, 2) a 
discussion of human animal interactions as an example of CAMs, specifically as they relate to 
the use of equine, 3) a discussion of trauma in children and traditional approaches to treating 
them, 4) and a review of the developmental neurobiological research pertaining especially to 
children who have experienced trauma.   
Environment in Human Health 
Why Complementary and Alternative Medicine? 
Complimentary or alternative medicine (CAM) has gained recognition in North America 
as a relevant approach to chronic conditions in both children and adults (Fearson, 2005).  
Generally, CAMs have moved over the previous half-century in western society from the 
periphery to the mainstream (Cook, Becvar & Pontious, 2000; Finger & Arnold, 2002; 
Henderson, 2000; Johnson, Meadows, Haubner, & Severdge, 2003).  According to the Cochrane 
Collaboration CAMs embrace all interventions and approaches to healing including b t ot 
limited to those resources and beliefs that are accepted in the mainstream healthcare systems of a 
given society (http://www.cochrane.org/). Many cultures such as Asian and First Nations 
communities have used traditional medicines and modalities to address individual trauma for 
centuries (Chan, Ho & Chow, 2001; Cook, Becvar, & Pontious, 2000; Finger & Arnold, 2002; 
Henderson, 2000; Lawrence, 1985; Money, 2001). These cultures view trauma consequences as 
an imbalance of healthy systems in the body and approach recovery not by addressing 
symptoms, as western cultures do with pharmaceutical solutions, but by restoring bala ce to the 
physiological cause of the symptoms (Yamaguchi, 2004).   
CAMs are not a replacement for pharmaceutical interventions in all circumstance  but 
children’s reactions to music, animals or art therapy appears to be positive.  Side-effects are 
minimal, however, CAMs can be time and resource consuming, and in some cases accesibility 
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is limited (Reichert, 1998). Training in specific CAMs is required and this can sometimes be a 
barrier.  Some CAMs have been well researched, for example music, with the efficacy of this 
approach to therapy going back to the 1960’s (Alvin, 1966; Lefevre, 2004; Nordoff & Robbins, 
1971).  Others do not have a solid base of empirical support, such as art therapy for adults with 
schizophrenia or are controversial approaches such as eye movement desensitizatio  therapy 
(Herbert, Lilienfeld, Lohr, Montgomery, O’Donahue, Rosen & Tolin, 2000).  This lack of 
empirical support is largely because of a lack of rigorous studies requiring funding  and many 
argue that there are political and economic motives that have kept research funding inaccessible 
to CAMs in the past (Busfield, 2006).  
 How CAMs act on the brain has not been sufficiently determined.  CAMs appear to get at 
parts of the brain, specifically the amygdala and hippocampus, that facilitate emotional and 
cognitive responses related to memory and learning.   These parts of the brain’s limbic ystem 
may not be treated as successfully by the use of medication alone. Touch appears to b  an
important part of how some CAMs work (Field, 1998, 2002).  Touch is associated with the 
seeking, pleasure and reward center circuits of the brain that link to the orbitalfron  cortex 
(OFC) and the anterior cingulated cortex (ACC), parts of the cerebral cortex (Phillips, 2003).  
These circuits are different from the parts of the brain that engage the dopamine or opioid 
systems.  They are biologically useful and designed to guide action that will return the individual 
to a state of homeostasis or balance (Panksepp, 1998). These are also parts of the brain that a e 
engaged in the mother-infant interaction that encourages neurological development (Schore, 
2003).  Human touch used in some CAMs (massage, for example) can be a concern when 
treating sexual abuse, for example as touch in that circumstance can be considered threat ning or 
unsafe.   The use of animals is helpful in that touch is possible without stimulating the fearful 
responses associated with human touch.   
 Developmental neurobiological research in animals indicates that touch contributes to the 
growth of parts of the brain, specifically the hippocampus, which is instrumental in le rning and 
memory (Fleming, O’Day & Kraemer, 1999; Francis & Meaney, 1999).  Research with children 
suggests that the processes are the same across most mammals (Lupien, King, Meaney, & 
McEwen, 2000; Lupien Meaney, King & McEwen, 2001).  Children are especially open to these 
neural opportunities at different stages in their brain’s development, specifically early childhood 
and adolescence.  
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Some caution has been expressed about the use of some CAMs by researchers who 
contend that the literature that supports them is “pseudoscience” (Herbert et al, 2000).   
Increasingly however, funding to investigate the efficacy of CAMs has demonstrated support for 
the use of a variety of techniques concurrently or as alternatives to traditional medicine.  
Evidence based research is mounting in CAMs, in response to the challenges many of these 
nontraditional approaches to wellness and healing have faced and with the help of journals 
dedicated to the publication of rigorous studies (Beider & Moyer, 2004; Caprilli & Messeri, 
2006;  Field, 1998; Hilliard, 2007; Itoh & Kitakoji, 2007; Low, Murray, O’Mahony & 
Hourihane, 2008; Metzger, 2004; Noguchi, 2006; Ottenbacher, Muller, Brandt, Heintzelman, 
Hojem & Sharpe, 1986; Tsao, Meldrum, Kim, Jacob & Zeltzer, 2006; Weze, Leathard, Grange, 
Tiplady, & Stevens, 2006; Whipple, 2004).   
Music and touch therapy are two complementary and alternative approaches to health that 
have demonstrated positive impacts for children.  Music has been used for decades and ha  been 
studied extensively (Fearson, 2005; Field, 1996, 2002; Keen, 2004; Ottenbacher, et al, 1986; 
Whipple, 2004; Whitehead-Pleaux et al, 2007). A meta analysis that compared 9 quantitative 
studies of the use of music therapy for children and adolescents affected by autism indicated that 
the effect size (d =.77) warranted a recommendation that music therapy should be consid red as 
a reliable approach to therapy with autistic children (Whipple, 2004).  Touch therapy is also
proving to be an effective intervention for children.  The use of massage therapy with children, 
particularly infants is demonstrating efficacy.  A meta analysis that reviewed studies where 
massage was used with neonates reported that 72% of infants who experienced moderate 
pressure in touch as a form of stimulation did better than those who did not (Ottenbacher, et al, 
1986).  Field (2002) reviews a number of studies that incorporate touch into therapeutic 
intervention, concluding that massage therapy contributes to weight gain, head circumference 
growth as well as bone mineral density.  Field (1986, 1987) herself has conducted two studies on 
weight gain related to touch in infants and her results reinforce the weight gain found in these 
other studies.   
Overall, the empirical literature in CAMs emphasizes the importance of therelationship 
of humans to interactive experiences in their external environment to health and heali g, 
particularly with children.  The theoretical foundation of the role of the environment in human 
health has grown out of ecological theory, specifically biophilia (Wilson, 1984).  Environments 
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appear to be essential to healthy growth and development in humans and animals and may play a 
pivotal role in addressing recovery from trauma or deprived environments.  A discussion of tw 
key ecological theories provides insight into the role environment can play. 
The Biophilia and Bio ecological Theories 
Biophilia Theory 
The notion that humans and animals have an affiliative connection that is neurobiological 
or genetic has been the subject of a number of studies. Wilson (1984) stated in his biophilia 
hypothesis that human beings have a biological need to be close to natural surroundings. The 
work of both Wilson (1984) and Kellert (1985, 1997, and 2002) conclude that there is an 
evolutionary component to the human preference for proximity to natural elements of their 
environment such as trees, landscapes and other animals. Kellert (2002) developed a conceptual 
framework for understanding children’s relationship with nature that includes nin  themes to 
categorize how various cultures and stages of evolutionary development reflect a particular 
approach to the environment.  He asserts that biology plays an important role in the relationship 
between humans and the environment but indicates that the significance of culture and 
experience should not be discounted.  Kellert’s theory builds on and reinforces the work of 
Brofenbrenner (1979) and Barker (1968) in their reference to the significance of e ol gy and 
environment to family and human social networks, adding that neither of these scholars 
considered the role the natural environment might play in human physical and mental 
development .  Kellert reinforces in his naturalistic theme, one of the nine themes  d veloped, 
the role that nature plays in middle childhood in curiosity, development of autonomy, security 
and a sense of identity beyond children’s relationship with their parents. Kellert’s qualitative 
research and surveys of the role nature plays in children’s lives indicated among other things, 
that 98% of Americans have visited a zoo at some time in their lives (Kellert, 1985, 2002).   
Overall he concedes that the unpredictability of natural environments as opposed to those 
constructed by humans facilitates attention and alertness and thus enhances cognitive processes. 
This reinforces the concept of proximal processes, the complex and reciprocal impact of 
interaction between humans and the ‘other’ in the environment (Brofenbrenner, 2005; 
Brofenbrenner & Evan, 2000) 
Wilson (2001) contends that modern approaches to preventative medicine are turning 
increasingly to the impact the environment has on human health.  He discusses the discovery of 
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algorithms, particularly in neurobiology, that support his biophilia theory.  Algorithms are sets of 
simple instructions used to carry out a task (Blass & Gurevich, 2003).  He hypothesizes that 
human brains have algorithms that genetically program them to be attracted to nature and 
theorizes that this drives the human need to interact with natural elements.   The theme of 
biophilia has emerged in the literature in geography, anthropology and psychology am ng others 
(Frumkin, 2001; Kahn, 1997; Ulrich, 1984).  Kahn (1997), a developmental psychologist, 
indicates that “…the idea of biophilia becomes compelling not by any single study but by the 
confluence of research from diverse fields” (p. 2).  Kahn notes that reference to animals liberally 
lace our references in language, our literature and our approach to healthcare.  He cit s th  
various studies in animal-assisted activities and animal interventions that are reviewed later in 
detail in the body of this paper.   
Other researchers underline the importance of nature to human health, looking at 
recovery from illness and the role it can play.  Ulrich (1984, 1991, and 1993) completed a 
retrospective study of 46 patients recovering from the same surgical procedu e, with half 
recovering in rooms that faced brick walls and half facing landscaping.  Patients with landscape 
views, in his study recovered faster, and used less potent pain medication than those with brick 
wall views. He concluded that visual access to nature for surgical patients reduces stress, lowers 
blood pressure and manages pain, reducing the overall difficulties associated with recovery. 
Urlich, a geographer cautions that this result may not be applicable to other hospitalized 
populations, especially those who are bored or under stimulated.    Although this study was 
small, and other variables in retrospective studies cannot always be accounted f r, combined 
with the research of others, it provides some support for Wilson’s theory of the role ofnature in 
human subsistence.   
Frumkin (2001), an epidemiologist who focuses on environmental health, offers evidence 
of how the natural environment is a variable in wellness.  Frumpkin cites empirical rese rch that 
supports the claim that animals contribute preventatively to human health, as do plants, 
landscapes and wilderness experiences (Kellert & Wilson, 1993).   Frumkin (2003) notes the 
significance of nature to health related issues with prisoners (fewer sick call visitors), seniors 
(lower mortality rates), dental patients (lower anxiety and blood pressure) as well as improving 
attention in children and inner city adolescent girls.   
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The Kaplans (1989) produced one of the largest studies of environmental preferences, 
interviewing over 1000 individuals.  This qualitative study used surveys to collect information 
through one-on-one interviews.  The results of this research are consistent with the o er 
literature on biophilia.  The study identified common themes like   “….spatial definition, 
coherence, legibility (the known), and mystery (the promise of learning more thr ugh 
exploration)” (Frumkin, 2003, p.1452). The Kaplans’ work elucidates the profound impact that 
environment and ecological factors have in quality of life for humans.  
Biophilia theory has its critics and Kahn (1997) highlights the limitations focusing on in 
three key areas, genetic determinism, reductionism (the selfish gene) and the need for a 
framework to the discussion.  Kahn maintains that genetic determinism or a predisposition to 
being in the wilderness or around animals would contradict human attraction to urban settings, 
and the fear that some have, for instance, of particular animals.  He also maintains bec u e of 
this that a biological theory of attraction to nature is reductionist, ignoring the complexities that 
are found in the common fears many humans have of certain animals (snakes), insect or piders 
and not others.  Overall, Kahn argues that the biophilia hypothesis reinforces the need for a rich 
and complex environment that includes the need for affiliation with others and their environment 
in a meaningful way. He recommends a framework that incorporates an understaing of how 
reciprocal processes impact human development.   Brofenbrenner (2005) appears to provide a 
framework in his bio ecological theory that grasps the complexities describ d in Kahn’s work.  
He underscores the importance of environment as well as affiliation to the process of 
development. A discussion of the theory is useful to understanding the role that other species 
might play in child development particularly. 
Bio Ecological Theory 
Brofenbrenner (2005) states that human development “… takes place through processes 
of progressively more complex reciprocal interaction between an actively e o ving 
biopsychological human organism and the persons, objects, symbols (language for example) in 
its immediate environment.” (p. 178).  The individuals are the product of a developmental 
process, their personal characteristics (biological, cognitive, emotional and behavioral), the 
systems within which they interact and the time or of their current developmental stage (age as 
well as historical era) they are currently in.   The bio ecological theory pr poses that both 
behavior and development are a joint function between a person and their environment.  It 
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contends that when interactions between significant persons, objects or symbols and an 
individual occur regularly over long periods of time they become ‘proximal processes’ or 
‘mechanisms of development’  that maximize human potential by transforming genetic 
predisposition into human characteristics.  Proximal processes are maximized n stable, 
organized environments.  The individual becomes part of their own development by virtue of the 
constant interaction that occurs with the evolving environment and the impact it has on the ever 
changing individual. It follows that biopsychosocial development integrates the impact that all 
systems have on each other, as well as the context they operate in and across micro (focused) to 
macro (broad) levels of the individual developmental system.   
On a microsystems level this complex interaction extends externally to the development 
of the relationship between child and primary caregiver, as well as internally to the 
developmental processes of the brain.  One could extend this again to include the meso (faily) 
and macro (community)systems within which the caregiver interacts, includ g the importance of 
a ‘third party’ or additional support for both the caregiver and the child.  Brofenbrenner (2005) 
underlines the importance of these kinds of networks of support to healthy development. 
Although his work is primarily theoretical, Brofenbrenner’s framework has stood the test of 
time.  His work reinforces the literature that supports the biophilia hypothesis as well as the 
neurobiological research (Lewis, 1995; Todd & Lewis, 2007).     
Summary 
CAMs are useful because they may provide an opportunity to reach children in biological 
ways that address an innate propensity for interacting with the environment.  It is also useful 
from a social work perspective because it uses aspects of the individual’s environment as 
therapeutic tools for change.  Finally, human animal interactions as CAMs may mi ic the 
neurobiological interaction that occurs between humans, providing opportunities for nurturing, 
touch and proximity.  A discussion of the specific nature of developmental neurobiology and its
relationship to human animal interactions as CAMs supports this premise. 
Developmental Neurobiology 
Definitions 
For the purpose of this paper the following definitions are provided.  Developmental 
neurobiology refers to the biological processes that occur in the brain that enhance or prohibit 
healthy development through infancy, childhood, adolescence and into adulthood (LeDoux, 
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1996; Panksepp, 1998).  Attunement and affiliative behavior refer to the need and desire to 
interact with other beings throughout the life cycle, but particularly in infancy (Feldman, Weller, 
Zagoory-Sharon, & Levine, 2007; Leaper, 2000; Schore, 2003) Affiliation with others is about 
partnership and results in attunement.   It is a consequence of ongoing understanding and 
reciprocal interaction with another. Affiliative behavior occurs on the micro and meso level as in 
relationships with primary caregivers and other kin.  It can also occur on the macro level where 
for example we see humans from specific cultures or socio economic groups gathering ogether.  
We see affiliative behavior in other species, as well as interspecies interaction.   
Attunement is about responsive affiliation and is a part of the attachment process (Bayli , 
2006; Seigel, 2001). Attunement is described as an individual’s ability to focus their at ention on 
the inner world of another, for example a mother with her child.   It also appears to be central to 
brain development.  Attunement with others contributes to neurobiological development in 
mammals (LeDoux, 1996; Panksepp, 1994; Perry, 2002; Van der Kolk, 2003).  A more thorough 
discussion of the human brain is useful in understanding the neurobiology of affiliative behavior 
and attunement.  
Understanding Brain Function 
 It is useful to provide a simplified version of how the brain is designed and generally 
functions.  This description is by no means sufficiently complex however it provides the basic 
components required to understand the neurobiological processes that are detailed throughout 
this discussion.  This discussion draws upon the work of Panksepp (1998) and LaDoux (1996).   
This explanation is provided to assist the reader in understanding the importance of neurobiology 
to attunement and affiliative behavior in relationships. These are essential concepts to 
understanding the potential of human animal relationships as complementary or alternative 
approaches to recovery that have received little attention to date. 
Mammals’ brains are designed to develop as a consequence of genetic heredity as well as 
the interaction of the individual’s brain with its environment.  The brain consists of three main 
sections; the brain stem or the reptilian brain, the limbic system or the midbrain and the cerebral 
or neocortex. These three general areas of the brain have complex, integrated and reciprocal 
relationships regarding their capacity and function, regulating various prcesses and responses in 
the body.  The brain stem and the limbic system are common across all mammals and drive the 
production of chemicals and impulses that are related to emotion, learning, memory, physical 
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function and growth.  The brain stem is responsible for processes that maintain life, breathing, 
blood circulation and digestion.  The limbic system, in part consisting of the hippocampus, 
amygdala and hypothalamus, is responsible for memory, emotion, learning, hunger, thirst and 
body temperature.   The cerebral cortex serves different higher order functions depending on the 
species and what part of it is being used. The cerebral cortex is particularly large in humans and 
accounts for some of the differences seen between humans and other mammals.  Generally this 
brain area is responsible for thinking, reasoning, thought, speech, hearing and vision, perception, 
problem solving and planning.  All three aspects of the brain interact with each other to 
coordinate the systems that regulate the function of the body and the brain.   
Throughout the brain, cells or neurons communicate with each other to pass messages along 
through long spidery fingers called dendrites.  Neurons receive messages through ax ns that 
serve as a kind of cable linking neurons to each other.  There are many different kinds of neurons
in the brain that serve various purposes.  Messages are carried chemically through various 
neurotransmitters, sometimes called neuron modulators or neuropeptides, across synap es, 
neuron to neuron, from dendrites to axons.   These chemicals travel up from the lower brain and 
also down from other parts of the limbic system and cerebral cortex.   
There are many different neurotransmitters that serve various purposes.  For example, a basic 
response to an experience that provokes feelings of fear would activate the limbic system, 
specifically the amygdala. This would produce a signal, causing neurotransmitter  to be released 
in other parts of the brain, specifically excitatory amino acids among others. Corti ol would be 
part of that excitatory response. Cortisol is one chemical, for example, produced by the brain in 
response to fear or stress. Humans and animals respond to and accommodate stressors by 
increasing cortisol levels when stressed and decreasing levels when the stressor is removed.  
Moderate levels facilitate affective, cognition and adaptive functioning (Ehlert, Heim, & 
Hellhammer, 2000; Willoughby, 2007). In children moderate levels would be considered 
normative and chronically increased or decreased levels would indicate that they re 
experiencing non-normative responses.  It is important to indicate however that cor isol levels 
can be unique to the individual with children responding uniquely to stressful situations (no 
change, constant increase/decrease of cortisol levels) (Ramsay & Lewis, 2003; Willoughby, 
2007). This is why measuring cortisol is useful to understanding stress and trauma. The 
individual might respond to fear by freezing, hiding, or it could provoke the classic ‘fight or 
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flight’ response.  Other parts of the brain may respond with different neurotransmitter  or neuron 
peptides depending on how messages are interpreted by parts of the neocortex. This sequence is 
different if fear responses are prolonged and frequent.  In this case, the brain may become 
‘kindled’ (Kramer, 1993) or sensitized to the response.  This has implications for how the brain 
responds and ultimately how it develops, depending on the age at which the fear is experienced.  
Stress can be implicated in how the brain develops and in the chemical messages sent 
from one part of the brain to another.   Both Nelson (2000) and Putnam (2005) underpin the 
importance of the hypothalamus in the translation of stress into brain responses.   A more 
detailed discussion of this process is not possible given the constraints of this paper however it is 
important to note that the neurobiological process is rapid, complex and dynamic.     
 Initially in newborns, brain function is driven by innate processes that are present at birth 
(called experience expectant) but environments play a key role in how brains develop and grow, 
hence how the individual evolves (Elbert, Hiem & Rockstroh, 2001). Early childhood and early 
adolescence are times when there is a proliferation of neurons.  As neural pathways develop, 
linking neurons through synapses that communicate messages to parts of the brain and body, 
neurons are pruned or eliminated if they are not used.  This is called neuroplasticity.  
Neuroplasticity refers to the brain’s ability to be malleable.    
 Each individual is unique in their predisposed genetic makeup and environmental 
experiences therefore pathways develop accordingly.  Environments that are stimulating provide 
an interactive experience for the infant and are responsive.  These are responsiv  and enriched 
environments. Environments that are sterile, hostile or neglectful, with a lack of stimuli or others 
to interact with, would be considered deprived environments.  Observing how this has occurred 
in animals has provided researchers with information about how the human brain functions 
(LeDoux, 2001; Panksepp, 1998). 
Animal research and its implications for human development 
Theoretical speculation in developmental neurobiology in humans relies on decades of 
research with animals, specifically other mammals.  Animal to animal relationships provide a 
model that has facilitated the understanding of how “interactive attunement mechanisms” (Stern 
(1985) in Shore, 2003, p. 4) or ways of communicating between mothers and infants stimulate 
and contribute to synaptic growth (connections between neurons) in the infant brain.  Work with 
rats, mice and monkeys appears to demonstrate that the infant-caregiver relationship defines the 
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early development of neural pathways enhancing or damaging both cognition and function into 
adulthood (Francis & Meaney, 1999; Glaser, 2000; Kramer, 1997 Panksepp, 1998).   Meaney’s 
work is particularly compelling, supporting the notion that early experience of stressors has long 
term implications for hippocampal synaptic development and function (Liu et al, 1997), which 
are integral to learning and memory.   As well this research appears to indicate that within a 
given window of developmental opportunity in the brain, access to a more responsive caregiver 
for rat pups or the context of an enriched environment can change neural processes and affect 
brain development.  Rat pups that are gently handled by humans for short durations appear to be 
resilient in the face of further stress.  In contrast, rat pups that are separated from their mothers 
for longer periods appear to experience kindling, have increased startle responses and a greater 
fear of novelty (Caldji, Diorio & Meaney, 2000; Kramer, 1993).   Over all, research indicates 
that maternal care affects hippocampal glucocorticoid receptors, and hypothalmic-pituitary-
adrenal (HPA) responses to stress, and adversity in early life ironically appears to enhance 
sensitivity to later forms of enrichment (Bredy, Humpartzoomian, Cain & Meaney, 2003).   
Although this research does not necessarily indicate that developmental processes ar  
homologous across species of mammals, the use of technology such as PET (positron emisi
tomography) scans and fMRI’s (functional magnetic resonance imaging) has allowed 
contemporary neurobiologists to view the complex interaction in the brain in more detail. 
Current research confirms that many neural processes in brain development across species are 
the same, albeit that human cortical activity is more complex and many aspects of development 
are as a consequence, still unknown (Panksepp, 1998).  These concepts are integral to a 
discussion of the impact of attachment in human-animal relationships on child brain 
development. The role of attachment in human-animal interaction is facilitated by a more in-
depth discussion of developmental neurobiology and the role of emotion and the environment.  
Developmental Neurobiology and Affiliative Behaviour 
Neurobiology of Emotion 
Research in developmental biological processes in the brain appears to support the notion 
that infants and caregivers are highly tuned to each other neurologically. The process of touch 
(Francis & Meaney, 1999) and the use of ‘motherese’ or baby talk (Schore, 2003) by the 
caregiver contribute to infant development through stimulation of the sub cortical region of the 
brain that is involved in socio-emotional information processing.  Specifically this would be the 
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orbital frontal cortex (OFC) on the ventral surface of the prefrontal cortex (PFC), that part of the 
brain that evolved last and is involved in higher-order thinking (Lewis, 2005; Rolls, 1999).    
Research indicates that early experience plays a crucial role in social and emotional 
development specifically (Elbert, Hiem & Rockstroh, 2001).  Enriched environments can 
contribute to resilience (prophylactic ability) or provide a positive response t kindling (the 
amygdala synaptic system is sensitive to stress) after a child’s brain has been affected by stress, 
neglect or trauma (Caldji, Diorio & Meaney, 2000; Curtis & Cicchetti, 2003; Kramer, 1993; 
Putnam, 2005).  In this case a positive response to kindling refers to the brain’s ability to catch 
up or evolve rapidly when exposed to an enriched environment.  This complex process resulting 
from interaction with the environment is designed to maintain stability in the dev lopment of the 
brain (Lewis & Stieben, 2004).  Chemical messages from limbic and brainstem centers described 
in the interaction between infants and primary caregivers are mediated by the response from the 
cerebral cortex.  The infant’s right ventral hemisphere interfaces with and is open to the 
caregiver’s nurturing response, engaging the sub cortical and limbic areas of the brain, 
specifically the amygdala, hippocampus and ventral anterior cingulate cortex (ACC).  This 
relationship between the mother and infant and the resulting neurobiological respons  evokes 
emotion and emotion as a process, playing a key role in cognition (Lewis, 1995, 2005a, 2005b; 
Nelson, 2000; Schore, 2003; Todd & Lewis, 2008).   This cortical limbic interface is responsible 
for appraisal, perceptions, emotions, memory and other processes that drive biological regulation 
in the rest of the brain and body.    
        Emotion is critical because it is the context for self-organization and ontogenesis or self-
regulation of the brain, summoning peptides and triggering environmental attunement as part of 
synaptic development (Lewis, 1995).   Numerous areas of the brain are involved in emotion; the 
brain stem, along with the hypothalamus, releases opioids, oxytocin, vasopressin, dopamine, 
serotonin and other neuromodulators.  These chemicals stimulate higher corticalsystems like the 
anterior cingulated cortex (ACC), and orbital frontal cortex (OFC) that respond by regulating, 
modulating, and organizing responses accordingly.  Brain development is a matrix of these 
epicenters that dictate specialized change (organization of the brain) th ough experience-
expectant (processes experienced by all members of a species) and experience-dependent 
(triggered by varying events in individuals’ different environments) processes.  Tucker and 
colleagues (2000) refer to this process of simultaneous “top-down” and “bottom-up” reciprocal 
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interaction as ‘vertical integration’ (Todd & Lewis, 2008).  Underdeveloped systems (in very 
young infants) rely on sub-cortical/limbic responses and experience-expectant processes until 
cortical development can support the process of modulation on its own (Greenough & Black, 
1992).   
Self-regulation perpetuates coordination through the development of epicenters such a
the ACC and OFC described above (Todd & Lewis, 2006). Highly activated systems recruit 
other systems, self-regulating the brain.   Lewis (2005) contends that these epicenters in the brain 
and the feedback systems between them contribute to rapid change, regulating towards stability.  
So it follows that experience provokes processes that result in emotion, which facilitates 
cognition and collectively with genetic predisposition, these processes simultaneously and 
reciprocally drive brain development, moment by moment, “laying down structure” (Lewis, 
2005).  
These structural pathways develop through an integration of both open and closed 
systems in the brain, and they work to maintain the balance and order required to function, 
resulting in self-organization.  Lewis (2005) notes that different parts of the brain are more 
plastic or pliable and others are not. The limbic and cerebral cortex areas of the brain are more 
plastic because the development is driven by experience.  The brain stem and other parts of the 
prehistoric brain are less plastic thus less likely to change.    This process f self-organization 
involves the development of a dynamic (ever-changing through feedback and correction) system 
that relies on neural pathways, forged by experiences and pruned if underutilized, that are unique 
to the individual (Howe & Lewis, 2005; Johnson, 1998; Lewis, 2005; Nelson, 2000).   Self-
organization and regulation are believed to be influenced by attachment between the dveloping 
infant or child, the primary caregiver(s) and the environment.   
Theoretical speculation on the role of emotion in developmental neurobiology is 
supported by the empirical research.  Leibenluft and colleagues (2004) for exampl , scanned 7 
mothers and their neural responses to viewing pictures of their children and pictures of other 
children. The results indicated a unique pattern of neural response occurred in the women to 
viewing their own children as opposed to the other mothers’ children demonstrating the 
importance of this specific social attachment to neural activity. Another study measured 
emotional responses in 27 children with behavioral problems and compared them to 15 controls, 
demonstrating that children in the experimental group had rigid emotional styles and particular 
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neural activity not found in the controls (Lewis, Granic, Lamm, Stieben, Todd & Moadab, 2008).
In this study an intervention was utilized that addressed the aggressive behavior associated with 
the lack of emotional control in the children.    The resulting changes in neural activity from the 
cognitive behavioral intervention appeared to impact the emotional inhibitory system thus 
reducing aggression in the children. Understanding the role of emotion is important to a 
discussion of the role stress or deprivation plays in developmental neurobiology.   Emotion is 
essential to attachment. Emotional development is a direct result of the primary relationships that 
children have with their caregivers.  A review of the neurobiology of attachment lends itself to 
an understanding of the role animals can play in emotional development.   
Neurobiology of Attachment 
Glaser (2000) describes attachment as “…proximity-seeking behavior by a dependent 
organism (infant or child) when he or she experiences discomfort of any sort…. (p. 102). Bowlby
(1958, 1988) indicated in his seminal work on attachment that affiliative behavior is a biological 
instinct.  Bowlby contends that effective attachment experiences can provide feelings of security 
and safety.  Attachment theory is important to a discussion of neurobiology and human animal 
relationships because of the emphasis it places on attunement and affiliative beha ior between an 
infant and a caregiver.  Attachment is developed through the ongoing and successive physical, 
emotional and psychological nurturing and response that occurs between mammals and their
offspring.  It is important to human survival particularly because at birth infants are helpless and 
require constant care.    Feelings of insecurity, difficulty trusting or maintaining relationships and 
unfulfilled needs might result from inconsistent or neglectful ties with primary c regivers. This 
can result in avoidant or disruptive attachments, different from secure attachments which are 
stable, safe and support normal development.  The development of an assessment tool called 
‘The Strange Situation’ allowed helpers to determine the degree and type of saf ty and security 
children felt in the attachment relationships they have with primary caregive s (Ainsworth, 
1964).   
Although the emphasis in Bowlby’s approach to therapy was to help overcome earlier 
inadequate attachment experiences, it also allows for the therapeutic relationship to be healing of 
other traumatic events (Stalker, 1995). Research suggests some similarities in how bonding 
occurs, in human-to-human and human-to-animal relationships for both humans and animals 
(Benda, 2005; Bodsworth & Coleman, 2001; Crawford, Worsham & Swinehart, 2006; Palmer & 
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Custance, 2008).  Similar to human attachment, it has been noted that human-animal attachment 
“…is based on affectionate companionship, equal family member status, mutual physical 
activities and dominance and submissiveness factors” (Miller and Lago, cited in Lagoni, Butler 
& Hetts, 1994, p.7).Understanding and measuring the neurobiological interaction in attachment 
relationships provides a quantitative way of assessing the impact that attachment has on the 
development of the brain.  
 In the past, attachment research has been speculative in many ways.  Most of the 
theoretical work done by Bowlby (1958), Ainsworth (1964) and other noted researchers in child
development are now supported by the more contemporary work of developmental 
neurobiologists utilizing technology to measure what aspects of the brain are activated during 
particular interactions.  Research continues to explore the mechanisms of brain developm nt 
related to interaction with the environment and there are some disputes in the literature about 
how the processes occur.   For example, Johnson (2000) highlights the importance of 
specialization (systems that develop focused on particular neurobiological processes) in 
neurodevelopment but neglects to acknowledge the role that emotion plays in these processs 
highlighted in other literature (Lewis & Todd, 2007; Nelson, 2000; Parr, Waller & Fugate, 2005; 
Shore, 2003). It is important to understand the relationship between attachment and brain 
development because much of the contemporary literature focuses on the role of emotion in 
relationships and its importance in neurochemical processes in the brain.  Attachment networks 
in the brain dictate how these behaviors are organized, and are a consequence of nurturing or 
lack thereof, by an attachment figure (Putnam, 2007; Schore, 2003). They are facilitated by the 
release of neuropeptides such as oxytocin, endorphins (opioids) and prolactin from the 
hypothalamus (Panksepp, 1998). Bonding chemistries appear to be similar across specie , within 
varying windows of time.   
Secure attachment can provide children with a buffer that modulates the effect of 
adrenocorticotropic hormone (ACTH) on the hypothalamus-pituitary-adrenal axis (HPA) when 
stress is experienced (Glaser, 2000). A parent may, for example gently hold and rock a baby that 
has been startled by a loud noise, quieting breathing and slowing the baby’s pulse as the b by 
calms down.   Panksepp (1998) indicates that the neuropeptides that flow through the brain as a 
result may create a feeling of security in children and ultimately contribute to “…these subtle 
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feelings we humans call acceptance, nurturance and love – the feelings of social solidarity and 
warmth.” (p. 248).  
Attachment is different from neural resonance. Neural resonance refers to the 
simultaneous activation of particular parts of the brain in response to face recognition, verbal 
interaction and touch between individuals (Gobbini & Haxby, 2006; Liebenluft et al, 2004; 
Shore, 2003).  Schore (2003) likens resonance in infant-caregiver relationships to affective 
attunement, a kind of emotional current that quickly spreads from one to the other.  Schore’s 
notion of “sympathetic vibration” (p.76) contends that the laws of physics demonstrates 
attunement in relationships and leads to resonance between emotional states, resul ing in 
feedback loops that connect the two individuals.  Neural resonance can occur between 
individuals who have an affiliation or within the context of an attachment.  This theoretical 
speculation is supported by the studies that identify neural activation in mothers and children as 
they communicate with each other (Augustyn & Zuckerman, 2007; Fleming, O’Day & Kraemer, 
1999; Liebenluft et al, 2004; Noriuchi, 2008; Tronick, 1989). Although Schore’s work is 
theoretical, it appears to describe the innate neurobiological mechanism that underpins the work 
of Bowlby and Ainsworth (Schore, 2000a. 2000c, 2001b, 2002a), and is supported in some 
aspects by the more contemporary research in the mirror neuron system. A brief discussion of 
mirror neurons is useful in understanding how the brains of affiliated individuals mightrespond 
or ‘mirror’ the neural behavior of each. 
Mirror neurons 
Mirror neurons are a type of brain cell that appears to responds to emotion in others.  
They are the brain’s way of comprehending what others feel and have been implicated in 
empathy, emotional attunement as well as helping us to understand how we connect with ach 
other in activities like dancing or playing music together, for example (Gridley & Hoff, 
2006).Recent research demonstrates that neural mirroring in children may occur while observing 
the attachment figure the same way that they would fire when the child is performing the action, 
or a complementary action, themselves, related especially to empathy and soci l interaction 
(Pfiefer, Iacoboni, Mazziotta & Dapretto, 2008).  Mirror neurons are said to facilitate 
interactions where individuals might “…perform complementary actions to achieve a common 
goal” (Iacoboni & Mazziota, 2007, p. 214) Mirror neuron system sites appear to be most 
activated when humans imitate the facial expressions of others, again suggesting that this may 
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promote empathy with another person’s emotions (Iacoboni & Mazziota, 2007; Kaplan & 
Iacoboni, 2006).   
 Oberman, Ramachandran & Pineda (in press) looked at mirror neural responses in 
autistic children and concluded that responses only registered in EEG testing whe  the stimuli 
(observed actor) presented was familiar and socially relevant. The stimulus in this case would be 
an individual who is familiar.  Oberman et al are therefore indicating that oter mirror neuron 
studies that have not produced support for this phenomenon in humans have studied the 
interaction using strangers instead of familiar individuals.   
The body of research on mirror neurons, neural resonance and the contribution they make 
to attachment is sparse and new.  Turella and colleagues (2009) caution that research to date on 
mirror neurons in animals offers little support for a neural map of responsiveness in humans like 
the one discovered in monkeys (Di Pelegrino, Fadiga, Fogassi, Galisse & Rozzilatti, 1992).  
Much of the research in human mirror neuron systems, which they reviewed to date, has not 
sufficiently replicated the original primate research, however the current body of studies suggests 
that they play a role in comprehension and observation  (Turella, Pierno, Tubaldi, & Casteillo, 
2009). One new study proposes that mirror neurons are activated in the pre frontal cortex (PFC), 
and around the amygdala correlated with empathetic behavior and social competence (Pfi fer, 
Iacoboni, Mazziota & Dapretto, 2008).  Evidence is mounting that supports this premise and 
could serve useful in understanding the role mirror neurons play in attachment and social 
relationships, attunement and affiliative behavior between humans and animals.   
Attachment and the brain 
The literature indicates that attachment requires a broader, more complex interactive 
process that relies on the development of schemas (patterns of thought) organized by the orbital 
frontal cortex (OFC), that part of the brain behind the eyes that is involved in cognition such as 
decision-making (Putnam, 2005; Glaser, 2000; Schore, 2003;).  Attachment in rats, primates and 
humans is closely associated with neurophysiological differences resulting from  experience 
(e.g., duration of separation from caregiver and the age it occurs at, duration, intensity of the 
experience of stressors) that plays an important part in where the relationship falls along the 
attachment continuum (Putnam, 2005).  One of the byproducts of interrupted attachment is 
feelings of insecurity and the development of hyper arousal (fear system) which affects the 
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function of the HPA, resulting in a flood of neuropeptides in the brain.  In particular child en will 
experience cortisol (stress hormone) levels that are indicative of a stress response.   
Normal cortisol levels in children peak in the morning and drop gradually through the 
day (Larson, White, Cochran, Donzella, & Gunnar, 1998; Price, Close & Fielding, 1983; White, 
Gunnar, Donzella, & Barr, 2000).  Researchers have determined that different kinds of stre s or 
trauma, in addition to the consequential anxiety and/or depression can result in different patterns 
of cortisol levels (Dozier, 2006).  For example children who have experienced separation from a 
primary attachment figure will have different patterns of cortisol levels over a 24 hour period 
than children who have experienced maltreatment or sexual abuse (Cicchetti & Rogosch, 200Ib). 
Dozier (2006) demonstrated that daytime patterns of cortisol levels in 55 foster children 
were significantly atypical compared to a control group of 104 children, interfering with the 
foster children’s ability to control the production of this neuropeptide. Levels for the 
experimental group were typically lower than the comparison group in the morning a d 
throughout the day but remained higher at bedtime than the comparison group.  This would 
appear to be a consequence of the impact that uncontrollable threats have on the hypothalamic-
pituitary-adrenal cortex (HPA) and the capacity this system has in the control of the regulation of 
cortisol levels in the body.  In this study there were numerous factors that could have affect d 
cortisol levels in foster children, including the socio-economic conditions of foster car . As well 
research indicates that time in care, age of the children and disrupted attachments with primary 
caretakers could have impacted cortisol levels.  Nevertheless, in follow up the researchers 
reported that these children had long term atypical patterns of cortisol, beyond their experience 
in foster care.   
The interaction of neurobiology and a stressful environment plays an important role i 
development of the brain.   Caregivers respond differently to children depending on the stressor  
they experience, the degree to which the attachment is secure and the enriched or deprived 
environment they share with the child.  The primary caregiver and infant may share “reciprocal 
activation of their opiate systems”, a mutual biochemical reaction in the brain that soothes and 
calms both mother and child (Schore, 2003).  This would influence the development of the 
child’s parasympathetic nervous system and may also impact the neural response of the caregiver 
(Liebenluft et al, 2004).  
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Looking collectively at the developmental neurobiological literature it is important to 
understand the relevance it has to the social context that surrounds children as they grow.  Carter 
(1998) found that the neuropeptides oxytocin and vasopressin were implicated in social bonding, 
lowering hypothalamic-pituitary-adrenal (HPA) activity possibly contributing to the degree of 
wellness associated with loving relationships.   This process also relies on the social networks 
that are formed around an infant.  Infants and caregivers do not interact in a vacuum. 
Brofenbrenner’s (1995) bio ecological model explores the importance of environment to 
wellness in humans.  Social networks are an important part of children’s environments.  Some 
discussion of the importance of micro systems and macro systems to child-caregiver interaction 
and developmental neurobiology lends itself to the role of human animal relationships as 
complementary and alternative approaches to recovery from trauma. 
Social Support and Attachment 
There is one social support model that appears relevant and looks specifically at the 
significance of social support to infant-caregiver relationships.  The Convoy Model of social 
networking describes the collective of individuals that surround an infant-caregiver relationship, 
creating a protective shell that contextualizes life experiences (Antonucci & Akiyama, 1994).  
Social support grows out of the infant-caregiver relationship and collectively, social upports 
create and contribute to social networks.  Social networks can serve to protect or crate 
vulnerability and can augment or limit development.  These networks are unique to each
individual enhancing their feelings of competency, self worth, and self efficacy f they are 
supportive.  Social networks can buffer individuals from adversity and contribute to resilience, 
and attachment could very well play a part in that. The Convoy Model is empirically supported 
across a variety of contexts with adults and more recently with children over six y ars of age 
(Antonucci & Akiyama, 1987; Antonucci, Akiyama, & Takahashi, 2004; Levitt, 2005; Levitt, 
1991; Levitt, Guacci-Franco, & Levitt, 1993).  
Beck & Katcher (2003) indicate that the human-animal interaction literature und rscores 
the role of animals as key elements of social support in the lives of many humans. Understanding 
the relationship among attachment networks, social networks and brain development helps to 
reinforce the importance of social interaction, love and connectedness to healthy neural 
development.  Animals are part of children’s social network/enriched environment and long-term 
animal companionship may facilitate development by virtue of the proximity of the animal and 
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the child’s neurodevelopmental plasticity. Short-term interaction between children and 
therapeutic animals might offer enriched environmental opportunities at a time when an under 
developed brain is ripe to respond.  Animals can provide touch, proximity and interactive 
experiences that engage attention, pleasure-seeking and reward-seeking m chanisms.   An 
introduction to the research into human-animal relationships is useful to understand the role y 
could play in buffering trauma as well as the contribution they might make to enrich d 
environments. 
Human-Animal Relationships 
It is estimated that 70 million households in North America have pets (AVMA, 2007).   
Animals are often constant companions for the elderly, children, and the disabled.   For children 
especially, young animals offer an opportunity to forge a relationship that is interactive, 
comforting and particularly non-verbal, in some ways not unlike the relationship human adults 
have with their infants and young children.  Human-animal relationships appear to be rewarding 
on a number of levels. Trust, safety and structured interaction are important in animal 
companionship and animal research appears to confirm that all of these same ingredi nts are 
essential to normal and healthy development among mammals (LeDoux, 2001; Panksepp, 1998).  
The empirical evidence indicates that companion animals impact humans in helpfulways 
(Friedmann, Katcher, Thomas, Lynch & Messent, 1983; Odendaal, 1999, 2000; Shiloh, S., 
Sorek, G., & Terkel, J., 2003; Virues-Ortega, & Bruela-Casal, 2006; Wilson, 1991).  Research 
has shown that relationships with companion animals may have positive effects on depression 
(Odendaal 2000; Souter & Miller, 2007), blood pressure (Katcher, Friedmann, Beck & Lynch 
1983), heart attack survival rates (Friedmann, Katcher, Lynch and Thomas 1980), and quality of 
health among the elderly (Keil, 1998; Parslow, Jorm, Christensen, Rodgers & Jacomb, 2005; 
Seigel, 1990).  There is little evidence however that explores the neurobiological implications of 
human animal relationships and none that looks specifically at children who have experinced 
trauma. 
Animals as moderators of human wellness 
Friedmann and colleagues offered some of the first empirical studies of the impact of 
animals on human health (Friedmann, Katcher, Lynch and Thomas 1980).  These qualities of 
human-animal relationships may lend themselves to effective interventions for children who 
have experienced trauma or stress. Their first study was the basis for a numberof replication 
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studies, one of the most recent by the author herself (Friedmann & Thomas, 1995).  It included a 
randomly selected sample of 424 cardiac arrhythmia patients.  One year survival data indicated 
that companion dogs were associated with higher survival rates in the first year after 
experiencing heart problems. Cat ownership did not demonstrate this same resilienc .  
Recommendations for future research have focused on the role that a sedentary lif s yle plays in 
heart health as this was seen as a possible confounding variable.  The study identified the mpact 
that medication played in the measure of ancillary factors as limitations hat may have 
contributed to the differences.   It is acknowledged however that pets in this study and others 
provided a buffer for owners from health concerns, visits to the doctor, psychosocial problems 
and overall wellness as compared to non-owners (Katcher, 1981; Wilson, 1991).  
Cohen (2002) explored the attachment families have to the animals in their lives.  A 
group of 201 primary participants were clients of a veterinary medical centre who were randomly 
selected to participate in a survey about their perception of their pet.  A smaller group of 16 
participants were asked to complete a secondary social networking assessment in trument.  It 
was determined that pets were considered important family members from which the family 
sought comfort, support and affiliation.  Although as noted by the researcher, this was a skewed 
sample (women, Caucasian, highly educated) using a relatively new instrument it demonstrated 
some important insight into the role of non-human animals in human families’ lives.   
One pilot study explored the impact human-animal interaction as a CAM intervention for 
cancer patients (Johnson, Meadows, Haubner & Sevedge, 2003).  The intervention was utilized 
with 30 participants and used a questionnaire to determine the impact that the random 
assignment of a visit with a dog, a visitor or a reading group had on participants.  The results 
indicated that dog visits appeared to be viewed as positively as human visits, and more positively 
that a reading group. Participants were more likely to see the human animal interact on as part of 
their therapy and also were more likely to tell someone about it.  This pilot study use  a small 
sample and it is difficult to determine from this research if other factors had an impact on the 
outcome (ownership of an animal).  A larger study that controlled for extraneous variables is 
warranted. 
A review of trait anxiety responses (characteristic blood pressure and hert beat responses 
for an individual ) versus state anxiety (temporary blood pressure and heartbeat responses)when 
petting an animal and surveys about lifestyle and pet ownership in 92 self selected undergraduate 
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students underscored the importance of animals to psychological health (Wilson, 1991).  It 
resulted in a positive correlation between pet ownership, animal interaction and participation in 
quiet activities for relief of trait anxiety.  This study reinforces the work of other studies of its 
kind (Baun, Bergstrom, Langston, et al, 1984; Wilson, 1987) 
In a controlled laboratory experiment, researchers were able to reproduce the results that 
Wilson (1991) found by exposing 58 participants to a stressful situation that involved holding a 
spider and then randomly assigning them to groups exposed to different animals reduced l vels 
of state anxiety (Shiloh, Sorek & Terkel, 2003).  Levels of trait anxiety were masured using 
standardized assessment measures.  The response was not restricted to the kind of animal the 
individuals were exposed to or whether they were considered ‘cuddly’ or not. This study 
reinforced previous studies on the positive impact of animals on anxiety and was able to refine 
the notion that animal interactions reduced anxiety by demonstrating that participants did not just 
respond to a specific animal or the attribute of touching something soft.  Participan s did not 
experience a reduction in state anxiety from touching or cuddling toys.  This study u e  a small 
sample and a limited number of animals. It was performed in a controlled setting, only addressed 
a specific kind of short term stress and the sample was self selected.    
This body of literature is representative of the multidisciplinary evidence supporting the 
use of animals in the wellness of humans.  A number of studies have looked specifically at the 
role animals play with children.  Many children have an affinity for animals and often have 
significant relationships with them as family pets.  For this reason animals are proving useful as 
therapeutic agents.  A short discussion of the literature on animal assisted interventions with 
children will introduce a more specific review of equine assisted interventions. 
Animal assisted interventions with children 
Animal assisted therapies and interventions meet the criteria for CAMs (Johnson et al, 
2003). They have been used with children in a variety of circumstances with different species.  
Touching animals is used as a diagnostic indicator in psychological assessments of traumatized 
children (Brooks, 2006).  Levinson (1969) claims that animals are the perfect co-therapist 
because they are living beings, and the interaction effect is useful developmentally with children. 
Mallon (2006) notes the importance of animal assisted therapy lies with the fact that “the central 
“tools” in this intervention are living, breathing, interacting creatures” (p.150). 
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 Recovery from trauma, as well as from other socio-emotional problems, requires a close 
personal connection that is caring, consistent, trusting, and safe (Herman, 1997; Regehr, Hill and 
Glancy 2000). There is some evidence that animals can contribute to the quality of life of 
children and therefore indirectly their developmental processes contributing to trust, respectful 
treatment of animals, encouraging responsibility, self efficacy, competenc  and autonomy 
(Melson, Peet & Sparks, 1991; Triebenbacher, 1998). Stern (1983) describes the interactio  
between an infant or young child and mother or significant adult as “affect attunement” – the 
caregiver’s ability to modulate physiologic arousal is necessary to healthy development. 
Research with companion animals is attempting to demonstrate that these relationships share 
some aspects of traditional attachment theory in human-to-human relationships (Crawford, 
Worsham & Swinehart, 2000; Parish-Plass, 2008; Prato-Previde, Custance, Spiezo & Sabatini, 
2003).  Van der Kolk (2003) describes the relationship between stress regulation and attachmen  
and its significance to the development of a child’s worldview. Hart (2000) maintains that the 
degree of attachment to a companion animal is an indicator of psychosocial benefits. Cicchetti 
and Lynch (1993) discuss relationships as enduring protective factors and transient buffers as 
protection from stress.  Human animal relationships have the capacity to provide enduring bonds 
that can act as protective factors as well as transient buffers should the need aris . 
Some studies have demonstrated that animals have had little if any effect as interventions 
(Ory & Goldberg, 1983; Lago, Knight & Connell, 1983; Miller & Lago, 1990; Stallones, Marx, 
Garrity & Johnson, 1990) and others have demonstrated a negative effect (Boat, 2006; Schantz,
1990; Walter-Toews, 1993).  Few quantitative studies using randomized experimental 
procedures have been undertaken looking at the impact of human animal relationships and 
children. Systematic or meta-analyses of current research in this area has only recently appeared 
in press. One report (Nimer & Lundahl, 2006) indicates that few empirical studies supporting the 
use of animal assisted interventions have been completed, the rigor of those that have been 
reported is weak and much of the research has not been replicated.  Animals are not useful in all 
cases and accessibility, allergies, fear of animals or cultural values can be prohibitive. There are 
number of logistical issues that impact research in this area (Johnson, Odendaal, & Meadows, 
2002).   
The literature in human animal interaction pertaining to children in particular explores the 
importance of animals to psychosocial development in children, the role they play in the life
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cycle and the contributions animals make to children’s sense of self (Melson, 2003; Spence, 
Vanden Boch & Kaiser, 2003; Turner, 2005).  Research initiatives with companion animals have 
attempted to demonstrate that these relationships share some aspects of traditional ttachment 
theory in human-to-human relationships, in particular with children and primary caregivers 
(Millot, Filiatre, Gagnon, Eckerlin & Montagner, 1988; Crawford, Worsham & Swinehart, 2006; 
Prato-Previde, Custance, Spiezo & Sabatini, 2003).   
An early study of 45 children that video-taped and analyzed their interaction with their 
dogs, attempted to identify characteristics of spontaneous behavioral sequences and ompare 
those behaviors to that of their interaction with other children in their social environment (Millot, 
Filiatre, Gagnon, Eckerlin & Montagner, 1988).  The study used factor analysis and focused on 
the reciprocal communication between children and their animals.  It found that children initiated 
contact twice as often as the dog, touching, hugging, cuddling, stroking as well asacting 
aggressively towards the animal.  These behaviors were determined to be indicative of 
attachment behavior that normally occurs in a family context.  Millot and colleagues concluded 
however that the retreating response in the dog to aggressive behaviors contributed in some cases 
to a change in reciprocal behavior in the child.  Although this conclusion may be conjecture, they 
contributed at the time to an exploratory understanding of children’s relationships with animals. 
Approximately 10% of children in one study reported that they would turn to pets if they 
were frightened (Melson, Schwartz & Beck, 1997).  Bryant’s (1985) dissertation study that 
looked at 10 year olds stated 13% spontaneously reported that they sought comfort from their 
pets when stressed.  She discusses animals as sources of social support in middle childhood. 
Another study looked at measuring attachment between dogs and adults using Ainsworth’s 
Strange Situation (Ainsworth, 1964) proposed that dogs attach like children to their owners 
(Prato-Previde, Custance, Speigo, & Sabatini, 2003).  It looked at 38 human-dog pairs to 
determine if attachment appeared to exist.  The study found that although there was a strong 
affectional bond and a resemblance between dog - owner attachment and that between humans 
and between primates, it did not include the same sequential details that are relevant to infant 
caregiver assessment of secure or disrupted attachments.  This study had a small s mple and the 
order effects found in Ainsworth’s assessment model were combined with other measures that 
did not appear to provide a valid instrument.  
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Some literature indicates that animals mobilize the attention of children, calm agitated 
behavior and ameliorate emotional crises (Hart, 2000; 1997; Strand, 2004). Reichert (1998) 
notes, in her work with childhood sexual abuse, “a child often finds it easier to express herslf 
through physical interaction with the animal rather than verbal communication” (p.180). Hart 
(2000) reviews the psychosocial benefits of animal companionship, discussing the impact it has 
on specific populations, gender and age groups.  With children specifically she highlights the 
studies that support the calming influence animals have on children’s lives.   Katcher & Wilkins, 
(1997) have done studies that look at the impact the presence of an animal has on disruptive 
behavior in children and adolescents.  In these studies the researchers found that the adop ion of 
an animal and interaction with it moderated aggressive behavior in the presence of adults and 
other children.   With the advent of new technology these behavioral responses are now being 
measured neurobiologically and more recent research has captured that response in humans to 
interactions with animals.   
Odendaal, (1999, 2000) researches the neurophysiological interaction intra-species and 
his work demonstrates where it is played out between animals and humans.  He theorizes that 
this same mechanism could explain the “success” of other complimentary therapies.  A literature 
review recently conducted concluded that, “long term interaction with an animal can result in 
lower cardiovascular levels” and “buffer autonomic responses to acute stress” (Virues-Ortega & 
Buela-Casal, 2006, p. 56). This research was not conducted specifically with children but it is
relevant to the discussion of complimentary alternative approaches as well as the neurobiology 
of human animal relationships.   
One animal that has been used effectively in animal assisted interventions is he horse.  
Children may find horses attractive for a variety of reasons.  A review of the literature on equine 
assisted interventions and in particular those that involved children is useful to understa ing the 
unique environment therapeutic riding programs can bring to children who have experienced 
trauma. 
Equine-assisted interventions with children 
Equine assisted interventions (EAI) offer a unique approach to terapeutic interaction 
with animals in that they provide an opportunity for mastery in the handling of a large animal as 
well as a challenging interaction in an enriched rural environment. Horses offer different 
qualities to animal assisted interventions than small animals do.  Few other companion animals 
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can be ridden, offering the opportunity for such close and broad body-to-body contact. As a 
result of the close physical contact involved in riding and grooming horses, a type of “physical 
sign language” develops (Edgette 1996), establishing a deep rapport, intimacy, and mutual 
understanding.  
Equine-facilitated psychotherapy is a promising approach to address s lf-esteem, 
depression, and a host of other emotional or psychological problems (Shultz, Remick-Barlow & 
Robbins, 2007; Taylor 2001). Although the amount of contact time between riders/owners and 
their horses might often be less than that between humans and sm ll companion animals, unique 
elements of equine-human relationships may foster deep, intimate connecti s (Brackenridge & 
Shoemaker, 1996; Wipper 2000; Taylor 2001; Yorke, 2003; Brant, 2004). It may be that the 
horse-human connection is an essential part of why equine-assisted therapy is effective.  
The use of horses for therapeutic purposes (hippotherapy) has received incr asing 
attention in a variety of healthcare disciplines (Bass, Duchowny & Llabre, 2009; Strauss, 1991; 
Engel 1997; Bizub, Joy & Davidson, 2003; Haylock & Cantril, 2006; Kaiser, Spence, Lavergne 
& Vanden Bosch, 2006). The movement of a horse replicates human walking nd therefore 
riding is a useful exercise for children suffering from a variety of physical ailments and 
disabilities (Garrity and Stallones 1998). Horses are more recently being used therapeutically and 
researchers have studied the effectiveness as interventions for people with psychological and 
mental health problems with mixed results (Christian, 2005; Ewing, MacDonald, Taylor & 
Bowers, 2007; Karol, 2007). Horses are perceived as patient, cooperative, and receptive to 
people. Therapeutic riding programs have demonstrated effectiveness increasing children’s self-
esteem and self-confidence (Cawley, Cawley & Retter, 1994; Davis, 2009; Shultz, Remick-
Barlow & Robbins, 2007; Taylor, 2001), reducing acting out behavior in adolescents, (Trotter, 
2006; Ewing, MacDonald, Taylor & Bowers, 2007) and anger in boys (Kaiser et al., 2006) 
providing an alternative for trauma recovery for a rider, (Yorke, 2003; Yorke, Adams & Coady, 
2008), and serving as a conduit for other therapies (Brooks, 2006; Taylor, 2001; Tyler, 1994; 
Trotter, 2006; Yorke, 2007).  
Although well-designed controlled research on the effectiveness of equine facilitated 
psychotherapy is scarce, anecdotal evidence, from program staff and parents as well as the 
results of research relating to small companion animals, suggest its promise (Tyler 1994; Pearson 
1997). Current treatment modalities in EAA/T use a standardized approach developed through 
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the Equine Assisted Growth and Learning Association (EAGALA) and the North American 
Riding for the Handicapped Association (NARHA).  Neural systems in the brain can contribute 
to why EAA/T might be effective for traumatized children and contribute to the strategic use of 
EAA/T for specific age groups, populations and disabilities. EAA/T, for example, might 
modulate brain dysregulation for children given the neuroplasticity of their brains. As well, 
children who have survived deprivation in their environments may respond more rapidly to 
EAA/T than adults so may require shorter more intense interventions.  O going research that 
utilizes the strengths of existing results and addresses the gaps in the literature is useful to 
identifying when, where and with whom equine assisted interventions can be effective.  One 
particular gap in the literature is the lack of neurobiological research in equine assisted 
interventions. A review of existing literature identifies what the current state of the research is. 
Students in a special school for those with behavior disorders were studi d as participants 
in an equine assisted learning program (Ewing, MacDonald, Taylor & Bowers, 2007). This 
meant that students participated in therapeutic riding and also studied horses as part of their 
curriculum. The study included 26 students and used an experimental design where five students 
participated in a nine week program and those waiting were compared to them, as controls.  The 
26 participants were tested over a three year period. Students were measured pre post 
intervention using five assessment scales. The hypotheses that students would see a decrease in 
loneliness, and depression and an increase in self esteem, interpersonal empathy, and internal 
locus of control were not supported in the quantitative data.  Qualitative data indicated a change 
in behavior for some participants.  There were a number of limitat ons in this study that had 
implications for internal validity. This study included participants who were prescribed 
pharmaceutical medications with frequent dosage changes, had disruptive home lives and severe 
behavioral and mental health disorders.  One of the limitations of this study is the battery of tests 
each child participated in, as indicated by the authors.  Test fatigue could have contributed to the 
attrition rate of participants given the multiple challenges they experiencd.   
The use of equine assisted therapy (EAT) was investigated for a cross section of children 
who had experienced domestic violence in their homes, mood disorders and other iagnosed 
metal health issues (ADHD, PTSD) using a convenience sample of all children (63) who were 
referred to a therapists practice over an 18 month period (Schultz, Remick-Barlow & Robbins, 
2007).   Children 4 to 16 years of age participated in the program for a mean average of 19 
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weeks and were assessed pre intervention and repeatedly afterwards (every three months) using a 
reliable and valid general assessment of function tool.  The results of this study indicated that 
function improved with the number of sessions for some children in this study, with younger 
children improving the most. There was a statistically significant improvement in Global 
Assessment of Functioning (GAF) scores (Shorre & Vandvik, 2004), between those with and 
without intra-family violence as well as those with or without abuse and neglect.  There were 
improvements with children who experienced sexual abuse as well as those with paren s who had 
substance abuse problems, but they were not sufficient to be statistically significant.  Although 
this was a complex and small sample with no randomized selection/assignment or control group 
to compare to, it demonstrated the possible impact that protracted participation may have, 
especially for younger participants, in equine assisted therapy.  
A qualitative study of 6 participants who had experienced trauma and used their 
relationship with their horse and riding as the mechanism of recovery underlines the importance 
of touch, proximity and interaction with the animal to the healing process for these participants 
(Yorke, 2003; Yorke, Adams & Coady, 2008).  This was an exploratory study that provided 
some insight into the complex interactions that make up the equine human relationship.  This 
study used video tapes and 2, 3 hour interviews to explore the nature of th se equine human 
relationships.  The resulting analysis developed four themes (nurturig and intimacy, self-
identity, partnership and utilitarianism) that represented the nature of the equine human 
relationships explored as it relates to trauma recovery.  This study also found that many of the 
qualities participants identified mimicked the therapeutic alliance found in human psychotherapy 
(Hougaard, 1994). Although this study was done with adults it identifies key areas of interest for 
future quantitative studies with various populations, including children. 
A pilot study that looked at the impact of one hour per week, over 4 to 8 weeks in a 
riding camp for 17 at-risk children, and 14 special education children measured emotional 
responses pre and post intervention (Kaiser, Smith, Helsinki & Spence, 2006).  The study found 
that in 7 boys particularly in the special education group, anger was reduced by the end of 8 
sessions in the riding camp.  This study did not find an improvement in female participants and 
had a complex mix of psychopathology in the selected participants. Its findings may be 
inappropriate to generalize given the small sample and the fact that i was a pilot study however 
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it is the only study of its kind to date that has succinctly measured changes in anger related to 
gender. 
EAA may provide a mechanism to alter neurophysiology and establish new neuronal 
pathways that can contribute to sustained healing responses, healthy att c ment in relationships 
and general well-being (Odendaal, 1999, 2000; Curtis & Cicchetti, 2003; Perry, 2006; Yasko, 
1985).  For traumatized children especially, it may provide an opportunity for attunement with 
another being that soothes through touch, proximity and the development of trust (Yorke, Adams 
& Coady, 2008). Equine human interactions in the context of trauma recovery f r experienced 
riders have been likened to the relationship that exists in the human-to-human therapeutic 
relationship because of the complex and challenging dynamics that occur between the recovering 
rider and horse (Yorke, 2003).  Horses may also benefit from these interactions in ways that 
contribute to their resilience to environmental stressors (McCabe & Albano, 2004). Equine 
assisted therapeutic interventions need a sound base of rigorous research that provides an 
understanding of the fundamental processes at work, as well as supports further research.   
Some research suggests that animal assisted interventions can be considered therap utic 
and may even mimic therapeutic alliances that occur between humans in traditional therapies 
(Yorke, 2003).  A discussion of the therapeutic alliance and its similarity to human animal 
relationship with respect to its healing qualities is useful to understanding how equine assisted 
interventions as complementary and alternative approaches for children might be successful. 
The therapeutic alliance and the human-animal relationship 
Helping relationships in human counseling and therapy are characterized by mutual
qualities that contribute ultimately to the nature of success in client outcomes (Horvath and 
Symonds 1991; Orlinsky, Ronnestad and Willutzki 2004; Frank, 1974; Hougaard, 1994; 
Weinberger, 1993). Human-animal interaction research suggests that these relationships can be 
therapeutic for humans in ways that are similar to other therapeutic approaches to healing 
(Friedman, Katcher, Lynch and Thomas 1980; Katcher 1980; Katcher, Friedmann, Beck and 
Lynch 1983; Lagoni, Butler, and Hetts 1994; Jorgenson 1997; Yorke, Adams & Coady, 2008). 
The impact of the therapist-client relationship in counseling is considered an alliance and has 
been conceptualized as the provision of a corrective emotional experience (Alexander & French, 
1949 in Weinberger 1993) contributing to a sense of hope (Frank & Frank 1991) that provides 
social and emotional support, enhancing self-esteem and coping ability.   
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Therapeutic alliances in human relationships are collaborative, incorporating elements of 
attachment (Bowlby, 1965), engagement (Wampold, 2001; Weinberger, 1993) and task (Bordin, 
1979; Hougaard, 1994).  Hougaard (1994) contends that attachment is a necessary ingredient in 
an effective therapeutic alliance.  Hougaard’s research included a content a alysis of the four 
most widely used alliance scales concluding that they had conceptually different but overlapping 
constructs. His work speaks to the complexity of the therapeutic relationship as well  
researchers’ ability to measure it.   
Participants in one equine-human study expressed that their relationship with their hors s 
was a partnership that offered opportunities for change, is task oriented and requires 
collaboration (Yorke, Adams & Coady, 2008).  This included all of the necessary components 
for a therapeutic alliance - trust, understanding, intimacy, and support, the instillat on of hope 
and a corrective emotional experience in therapy is that the client “faces the issue troublesome to 
him or her and learns that it is not as devastating as imagined or feared” (W inberger 1993, p. 
51). They indicated that their relationship with their horse instilled feelings of competence and 
worth. With the support of their horses, they were able to regain ability and self-esteem. Their 
horses were able to provide limits by virtue of their responses and assist in their acceptance of 
their limitations, providing opportunities to teach the riders the best ways to elici  responses in 
the interaction.   
Schore (2003) likens the therapeutic relationship to that of the primary dyad that humans 
experience; an interaction that provokes similar neural responses, likely using synaptic pathways 
that were laid down during those fundamental early experiences.   Strong therapeutic lliances 
have proven effective variables in client outcomes contextualizing the success or failure of 
treatment techniques (Castonguay, Goldfried, Wiser, Raue, & Hayes, 1996; Horvath & 
Symonds, 1991; Goldfried & Davila, 2005; Lambert & Barley, 2001; Rogers, 1951).  Mutuality 
and strong emotional connections contribute to the effectiveness of both the therapeutic alliance 
and how it interacts with various techniques of intervention (Hougaard, 1994).   When the impact 
of the therapist-client relationship is understood in these ways, it is not difficult to understand 
how human-animal relationships may have similar therapeutic effects. The exploration of these 
concepts has been extended into human-animal bond research (Frewin & Gardiner, 2005).  How 
they apply to childhood trauma requires a review and understanding of the nature of trauma and 
its developmental neurobiological implications.    
38 
 
Identifying and Responding to Traumatized Children 
Defining and treating trauma 
Freud (1923) has provided us with an understanding that childhood is different from 
adulthood and the developmental process involved in moving through one stage to another.  The 
Diagnostic and Statistical Manual of Mental Disorders, 4th edition, Text Revision (DSM-IV-TR; 
American Psychiatric Association [APA], 2000) defines trauma as “ direct personal experience 
of an event that involves actual or threatened death or serious injury, or other threats to one’  
physical integrity” (Criterian A1, p.463).   A host of literature recognizes that most children who 
experience traumatic symptoms do so as a result of maltreatment (abuse, neglect) (Aisenberg & 
Mennen, 2000; Breslau, Wilcox, Storr, Lucia, & Anthony, 2004; Graham-Berman, DeVoe, 
Mattis, Lynch & Thomas, 2006).  There are a number of events that can mitigate the healthy 
process of neural development in children who have been traumatized (Glaser, 2000).   .   
Stress is particularly offensive to developing brain systems, causing long term changes to 
the HPA circuit, and interfering with self-regulatory brain processes (Bredy, Humpartzoomian, 
Cain & Meaney, 2003; Kramer, 1993; Lewis, 2005; Nelson, 2000; Putnam, 2005).  Kindling 
(sensitivity) of the brain is a result of stress.   Ironically the process of kindling that results from 
abuse or neglect also makes the brain more receptive to attunement and enriched environmts 
(Kramer, 1993).   This is important to a discussion of prospective interventions that would enrich 
children’s environments as well as provide opportunities for attunement with another. 
    Maltreated children may experience profound neurophysiologic insults resulting from the 
trauma and this can coincide with disrupted attachment with primary caregivers.  (Cicchetti & 
Lynch, 1993; Curtis & Cicchetti, 2003; Glaser, 2000; Henry, Sloan & Black-Pond, 2007; 
Kramer, 1993; Perry, 2006; Van der Kolk, 2003).  Attachment is integral to healthy brain 
development and can create resilience against stress and trauma (Glaser, 2000; Zeki, 2007; 
Schore, 2003). Regardless of the causes of trauma, however, children can exhibit some common 
symptoms dictated by their age, the acute or chronic nature of the trauma, as well as their 
response to it.  Exposure to trauma at various stages in childhood can skew, inhibit or alter 
processes of development that have a lifetime of consequences. Indeed, Perry (2006) notes that 
childhood maltreatment may even organize the developing brain around the experience of the 
trauma.  Nurturing, safety, and healthy interaction are key ingredients in healthy development of 
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the brain (Van der Kolk, 2003). Both Perry (2006) and van der Kolk (2003) suggest that these 
key ingredients are also necessary for recovering from child maltreatment.   
Children suffer trauma of various kinds (abuse, neglect, witnessing violence) which result 
in a myriad of social, emotional, psychological and physiological problems (Webb, 2006).  The 
behaviors they display can range from extreme withdrawal and depression to uncontrolled anger 
and aggression. They are often clients of child welfare services, assessed and r ferred for a 
variety of interventions to address their problems.  Although it is difficult to calculate 
nationwide, it is estimated that over 1 million children are receiving treatment for child welfare 
concerns at any given time, approximately one third of those cases initially reported for neglect 
or abuse (Maluccio, 2006).  Over 905,000 children were identified as suffering from abuse and 
neglect in 2006, up from over 800,000 in 2004.  Approximately 500,000 children annually are 
placed in out-of-home care (US Dept. of Health and Human Services, 2008).    
 Trauma is not always recognized, assessed or treated (Maluccio, 2006). Children who 
experience trauma present to healthcare and social services and are diagnosed with disorders that 
are symptomatic of trauma, with little recognition of the full spectrum of difficulties they might 
experience (Fontana & Gonzales, 2006).  Access to services, support or medical treatment is not 
always available.  Interveners may seek to support children who have experienced trauma in 
their communities, schools and families with the hope that being nested there will provide 
consistency and security and will assist in addressing some of the children’s p oblems (Webb, 
2006).  Conversely, many of these children are found in foster and residential care because of the 
circumstances that have contributed to their trauma or the severity of their symptoms (Crenshaw 
& Hardy, 2006).  The complexity of their circumstances, as well as the degree of t auma, can 
make them difficult to treat, depending on their age, and if they are removed from their families, 
they can suffer additional loss (Bolen, 2001).  
Studying the effects of trauma on children is complex and requires an understanding of 
the different dimensions of stress and trauma they encounter – maltreatment, negl c physical, 
emotional, sexual and psychological abuse.  It also requires an understanding of the 
developmental stages children experience and the sequential effects trauma can have on 
successive developmental processes if the trauma experience is chronic as opposed to acute.  
Research suggests that chronic trauma experiences impact ongoing developmental rocesses, 
social, psychological, physiological and neurobiological in substantial ways (English, Graham, 
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Litrownik, Everson & Bangduwala, 2005).  English et al. found in their longitudinal study of 520 
eight year olds who had been abused that chronicity, age of trauma experiences as well as other 
socio-economic factors (family income, geographic locale and ethnic minority status) 
contributed to outcomes for children who had experienced trauma.  This study used hierarchical 
regression analysis with data from a multi site longitudinal study of the long term effects of 
maltreatment on childhood development and growth (LONGSCAN) (English, Bandiwala & 
Runyan, 2005).    It found that some children who experienced developmental delay as a 
consequence of traumatic experiences were able to make up for these losses in later periods of 
development, demonstrating a degree of resiliency.  Resiliency in this instance is likely a 
consequence of kindling, as discussed previously, which affords the individual child who has 
experienced a deprived environment, a measure of increased capacity to develop when expos d 
to an enriched environment (Kramer, 1993).  This is an important point as it supports the 
eventual recovery from abuse as plausible, if children can have access to enriched environments.  
It reinforces the developmental neurobiological literature and its notion that kindling can create a 
propensity for future developmental progress with the help of an enriched environment (Bredy, 
Humpartzoomian, Cain & Meaney, 2003).  Understanding how this fits with traditional medical 
approaches to traumatized children provides some insight into the effectiveness of both 
pharmaceutical methods and the prospect of the use of equine-human interventions as CAMs.  
The Neurobiology of Trauma 
In children, stress influences neural developmental stages of growth impairing the brain’s 
ability to self-regulate and self-organize effectively because that is when the brain is most 
plastic. This impairment results in sensitivity in the hypothalamus-pituitary-adrenal (HPA) axis, 
to hyper-sensitization of subsequent experiences of stress (kindling), affecting neurochemical 
processes and ultimately influencing the development of epicenters in the brain (Kramer, 1993; 
Lewis, 2005; Nelson, 2000; Putnam, 2005).  The role of the orbit frontal cortex (OFC) in all of 
this would appear to be pivotal – it would be on alert (hyper vigilant), focusing the individual’s 
attention on the potential for harm.  This can result in a “consolidation of habits” or “emotional 
interpretation” identified by Lewis and Todd (2005) that creates a propensity for anxiety.  
The anterior cingulated cortex (ACC) would seem to play an important role for child en 
experiencing maltreatment or abuse.  The kind of hyper vigilance that results from traumatic 
experiences identified in the child welfare literature (Perry, 2006; Van der Kolk, 2003) may be a 
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consequence of the influence maltreatment has on the development of the circular proesses that 
occur between the ACC, the PFC, amygdala, and hypothalamus.  As well some research 
identifies the ACC as implicated in heart rate, related to certain tasks, indicat g that it has a role 
in the function of the operation of the sympathetic nervous system as well (Critchley et al, 2003 
in Luu & Posner, 2003). This implies a complex synaptic relationship between environment, 
cognition, and physical response to trauma. 
Some children who have experienced maltreatment appear to be vulnerable to anxiety,
depression and other symptoms indicative of a sensitized or fragile psychophysiology (Putnam, 
2005).  Many of these children struggle with self-regulation emotionally and cognitively 
however some appear to have survived the experience with less damage.  Lewis & Todd (2005) 
assert that the study of post traumatic stress disorder provides some insight into how these 
“vertical” developmental processes can be compromised and highlight the role of se f-regulation. 
The plasticity of the cortical area (ACC and PFC) would make the age at which children 
experience maltreatment essential to their eventual capacity to self-regulate.  Connectedness 
and/or environmental enrichment, at strategic points of development (early childhood and early 
adolescence), could mediate the process and contribute to resilience in some, preventing 
psychopathology in others, perhaps across generations (Caldji, Diorio & Meaney, 2000; Putnam, 
2005).  Tronick (2007) states, “…by being connected, their sense of themselves in the world 
expands and becomes more coherent and complex” (p. 483). A lack of connectedness prevents 
the child from attending to the moment in a developmental sense.  A threat incorporated in the 
connectedness of a primary relationship creates complex contradictions that may be 
irreconcilable, resulting in neurobiological dysregulation.  
 Both Nelson (2000) and Putnam (2005) underpin the importance of the hypothalamus in 
the translation of stress into brain responses.  Stress would impact on developmental windows of 
opportunity, impairing the brain’s ability to evolve accordingly.   Deprivation may result in 
sensitivity in the hypothalamus-pituitary-adrenal (HPA) axis, to subsequent experi nces of stress 
(Kramer, 1993; Putnam, 2005).  Particular neurotransmitters, modulators and/or neuropeptides 
can contribute to specialization or the development of epicenters based on environmental 
influences that either encourages normal sequencing or inhibit it.  Some systems or epicenters 
would trump others because of the amount of activity they display (Lewis, 2005).  Understanding 
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how CAMs might intervene effectively in this process is promising for identifying how animal 
assisted interventions can be most effective. 
Treatment of trauma: CAMs with traumatized children? 
Exposure to trauma at various stages in childhood can skew, inhibit or alter processes of 
development that have a lifetime of consequences. Perry (2002) notes that the longer a child is 
exposed to an adverse or deprived environment, and the more severe the neglect or abuse, the 
greater the long term impact will be.   He notes that recovery is possible and echoes the 
sentiments of Van der Kolk (2003) regarding the use of touch, nurturing and social interaction as 
useful intervention techniques.  Attachment plays an important role in this regard.  Helping 
children reach an emotional, physical and psychological state in which they can consider new 
possibilities is important – soothing, holding rocking, creating safety are exmples of behaviors 
that move children to this place (Perry, 2002, 2006; Van der Kolk, 2003).  
 Current practices in treating children who have experienced trauma have grown out of 
our understanding of these changes and how they are mitigated by neglect, abuse or crisis 
(Berlin, Ziv, Amaya-Jackson & Greenberg, 2005; Bolen, 2001; Putnam, 2005). Children who 
have experienced chronic and severe trauma present to health or social service professionals as 
underdeveloped, physically and psychologically suffering from mental health and emotional 
concerns (Anderson & Seita, 2006; Cameron, Elkins & Guterman, 2006; English, 1998; Perry, 
2006),. The importance of the use of all aspects of enriched environments to enhance 
development and growth for children who have experienced trauma cannot be understated.  The 
use of animals with children can be useful in this regard.   
Numerous studies have explored the role of CAMs in the treatment of children.  Research 
has explored the role of CAMs in addressing pain (Tsao, Meldrum, Kim, Jacob, & Zeltzer, 
2006), using music therapy (Whitehead-Pleaux, Zambrowski, Baryza, & Sheridan, 2007), 
massage (Beider & Moyer, 2006) and cognitive/ sensory stimulation (Badr, Garg & Kamath, 
2005). Two additional studies looked specifically at animal assisted activities w h children as 
CAMs (Caprilli & Masseri, 2006; Onofri, Rosio, Giussani & Demartis, 2007).  There ar no 
specific empirical studies identified that addressed trauma, maltreatment or abuse of children and 
the use of CAMs.  
 The use of different kinds of CAMs for addressing pain relief in children was meant to 
target quality of life outcomes for those who experience chronic pain (Tsao, 2006). In this study 
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CAMs were categorized as body-based approaches (acupuncture, cranial sacral massage, energy 
healing and yoga) as well as mind-based modalities (art therapy, biofeedback and hypnosis).  
There were 126 children in this study experiencing a broad range of painful health problems.  
Families and children were given thorough clinical examinations, completed two questionnaires 
and pain was measured using a valid and reliable instrument, with “…the minimum criteria for 
item internal consistency (≥.40) exceeded on 94% of all item tests performed and the average 
success rate of item discriminate validity was 92%” (Tsao, 2006, p. 369).   Over 60% of the 
children and their families elected to try CAMs as part of the treatment and chose one or more 
interventions to use throughout the medical procedure. CAMs did not prove useful as treatments 
for long term pain in this study, alone or used in combination with other CAMs. Researchers 
indicated that not all types of CAMs were available in their study and that the intensity, 
multiplicity or duration of the use of CAMs may have been a factor in their findings. I  sum, 
CAMs did not prove useful for pain management. 
Another study looked at the impact music therapy had on pain and anxiety in pediatric 
burn victims during a medical procedure (Whitehead-Preaux et al, 2007).  The intervention was 
used with 9 children between the ages of 7 and 16, who had pain. The majority of the 
participants (7 out of 9) had participated in music therapy before.   Instruments used to m asure 
anxiety and pain were identified as reliable and valid self report instruments and were 
administered before, during and after music therapy. .  Participants reported feeling less anxiety 
and pain while listening to music, but the behavioral assessment and heart rate data were not
congruent with this. Active or passive engagement with the music was measured as w ll as 
observed behavioral indicators.  More engaged listeners demonstrated less behavioral distress but 
the physiological measures of heart rate and blood oxygenation levels did not supportthis 
outcome. The literature review of this study indicated a focus on neurobiological processes in the 
brain although no test or instruments were used to measure these processes (corti ol levels or 
fMIR/PET scan).   The conflicting results indicate that the validity of the instruments used to 
measure anxiety, as well as pain, or the sequence of collection of the qualitative feedback, are in 
question.  Discrepancies in participant perception and assessment results would indicate a design 
flaw, as perception was measured retrospectively and not during the pain experience.  This study 
had a small sample size and clearly had concerns with the internal validity of the study and 
internal consistency regarding what it set out to measure and the results.  
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Massage therapy was explored in a meta analysis of 9 randomized controlled trials 
(n=200) of pediatric massage to determine if it was useful to alleviate trait anxiety and pain 
(Beider & Moyer, 2006).  The researchers found that massage therapy did appear to reduce state 
and trait anxiety levels in children, with smaller effect sizes for depression, arthritic pain relief 
and muscle tone.  They cautioned that these findings were based on a small sample and that the 
interaction effect of the therapeutic rapport with the massage therapist and the massage therapy 
had not been considered in the data analysis.  
An unpublished pilot study that looked at the effects on communication between deaf 
children and their social significant others, utilized a horseback riding program identified as a 
CAM (Onofri, Roscio, Guissani & Demaris, 2007).  An experimental group of 6 children with 
varying degrees of communication ability were given treatment for improving communication 
and speech on the back of a horse, once a week for a year.  They were compared to a control 
group of 6 children and the results indicated an improvement in communication, language and 
social behavior.  Children were assessed using pre and post video recordings, clinical data, 
questionnaires and interviews with all 12 children. All children improved in the study, with those 
who had some hearing improving the most. Improvements were determined to be a result of
many factors, including integrated use of speech therapy, equine psychotherapiss as well as 
teachers, not just the therapeutic riding intervention. This study summary neglects to provide any 
additional details regarding the rigor or design.  It is a pilot study with a small ample and the 
design does not indicate if the impact of the equine therapy was measured separately from the 
other therapeutic factors.    
Another pilot study looked at the impact introducing animals to hospitalized children 
would have over a 12 month period (Caprilli & Messeri, 2006).  After one year 138 children had 
participated by having visits with animals in the hospital.  Children overwhelmingly indicated 
the visits were pleasurable. This was supported by their parents.  In addition, infection rates were 
measured and no significant increase in infection rates were identified, despite the fact that some 
of the children involved in the study were immune deficient.  Whether the introduction of the 
animals to the hospital setting had any impact on illness outcome or length of stay wa  not 
measured.  
 Finally, a study was completed that measured the impact a specific stimulation 
intervention had on brain injured children (Badr, Garg & Kamath, 2005).This was a randomize  
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controlled 12 month study that used cognitive and sensory stimulation on 62 18 month old 
infants diagnosed as brain injured. The results indicated that there was no significant effect of the 
intervention for these children as compared to controls.  A number of extraneous factors were 
considered as limitations (stressed caregivers, multiple/complex diagnosis). 
Despite the lack of findings or research that suggests the importance of CAMs to 
addressing trauma in children, results do indicate that more research is required to find effective 
ways to measure the efficacy of CAMs.  Animal research indicates that the extent to which 
neurobiological development is enhanced by a supportive and enriched environment, and what 
windows of vulnerability afford an opportunity for intervention are becoming clearer (Lewis & 
Todd, 2005; Putnam, 2005; Van der Kolk, 2003).  
Complementary and alternative approaches to healthcare could be considered relevant 
ways of enriching children’s environments.   Enriched and challenging environments influence 
aspects of development in infants and young animals; exposure to stimulating contexts appears 
to be prophylactic (Johnson, 2000; Nelson, 2000).  Children might naturally seek affiliative 
relationships that are rewarding in this way.  Phillips (2003) talks about the role of oxyt cin and 
vasopressin in the brain systems focused on liking, and dopamine in the brain system focused on 
wanting, and their inevitable connection to seeking pleasure.  Seeking behavior would be 
indicative of the need humans and animals have for a tactile interaction with each other that 
appears to be related to pleasure.  This relationship has the potential to contribute to positive 
neurological development as a consequence.  One of the most significant ways that nimals have 
been used to assist children is through animal assisted interventions.  A review of th  
neurobiology of trauma can provide an understanding of the role that affiliative behavior 
(relationships) can have on recovery from trauma. 
The Neurological Impact of Human-Animal Relationships for Trauma in Children 
CAMs, mind-body techniques and the limbic system 
Mind body techniques such as human-animal interventions have the potential 
theoretically to create an interaction that stimulates neural processes, pushing activation around 
the brain in a sophisticated manner, similar to what happens in early interactive experiences 
between infants and caregivers.  Research indicates that mind-body techniques can mimi  the 
impact of anti-depressant medication, such as rewiring the potentials between neuro s (Perry, 
2002; Van der Kolk, 2003).   For children who have experienced trauma, who may have 
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autonomic reactions, mind-body techniques may offer an alternative to traditional interventions 
by stimulating those parts of the brain that respond to affiliative behavior.  
Affiliative behavior creates opportunities for neural development that are experi nc -
dependent.   Children’s regulatory limbic circuits may react rapidly to animal interactions 
responding to proximity, touch, warmth, and responsiveness.  We know from EEG studies that 
the ventral system (v-PFC), that part of the prefrontal cortex that responds to care giving, 
becomes activated, along with the hippocampus and amygdala, in response to these kinds of 
novel experiences (interaction with an animal) in the environment.  The OFC and the ACC are 
activated (seeking systems) and the dorsal lateral PFC responds.  These systems may address 
simultaneously the kindled response of anxiety or fear systems which produce cortisol but 
modulate or regulate that response by activating the synaptic paths in the ACC and hypothalamus 
(Panksepp, 1998; Posner, 2003).  This activates the production of opioids that are calming, 
responding to the warmth, touch and proximity of another being. This process may mediate 
event-related potentials from the ACC and could impact personality changes that have developed 
through differences in emotional regulation, circumventing the potential for increased anxiety 
particularly if human-animal interaction is available to buffer stressful events (Odendaal & 
Meintjes, 2003; Perry, 2002; Todd & Lewis, 2006; Van der Kolk, 2003).  
Emotion regulates stress responses through the OFC, mediated by the ventral system (v-
PFC).   The OFC is an important epicenter for human-animal relationships because of the role it 
plays in both emotion and reward.   Lewis (2005) notes that the OFC focuses on the rewards 
gleaned from the environment, building on processes associated with the cortical limbic 
interface, and in particular, the role of the OFC in synaptic development and pruning. “Such 
rewards include those related to attachment and social bonding” (Tucker, Luu & Derryberry, 
2005 in Todd and Lewis, 2006, p. 10).  Synaptic development and change in developmental 
processes relies on these kinds of interactions.  Johnson (2000) notes that cortical specialization 
can result from a number of visual experiences.  Emotion facilitates cognition and human ani al 
interaction appears to provide the kind of emotional stimulation that contributes to synaptic 
shaping during periods of neuroplasticity.  Neuroplasticity as discussed earlier refers to the 
brain’s ability to be malleable.    
Brain research has revealed the critical nature of the mind-body link in childhood 
development and how trauma interrupts it (Cicchetti & Lynch, 1993; Curtis & Cicchetti, 2003; 
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Perry, 2006; Van der Kolk, 2003). Researchers understand the complexity of the 
neurophysiology of trauma better now than ever before, noting that nurturing, safety and healthy 
interaction are key ingredients in healthy development of the brain. Bessel Van der Kolk (2003) 
states “Current research is beginning to clarify the underlying pathophysilogy of the difficulties 
with cognition, impulse control, aggression, and emotion regulation commonly observed in 
severely traumatized children” (p.293).  
If animals can contribute to an enriched environment for children then perhaps 
attachment and neural resonance in animal companionship or animal assisted interventions ca  
impact on the brain in predictable and useful ways.  If so, these relationships could be 
contributors to personality development, emotional and cognitive self-regulation and 
organization. 
Social Work, CAMs and Traumatized Children 
According to state laws, addressing the needs of children who experience trauma falls 
within the mandate of conventional medical and social services (Maluccio, 2006; Powell, 2001).  
Disclosure can result in a number of responses depending on how the child enters the treatment 
system. Practitioners’ assessments and clinical decisions are two variables that impact on 
treatment choices and interventions (Cameron, Elkins & Guterman, 2006).  Social work is 
integral to the decision-making process for children who have experienced stressful events 
and/or trauma as child welfare workers are often social workers.  
 Historically, social work’s theoretical development has assisted in its understanding of 
the ecological nature of trauma and its relationship with poverty, oppression, as well
developmental processes.  It has moved from a deficit-focused model that was prevalent in the 
early twentieth century to a more progressive and complex multi-systemic understanding of child 
development that is strengths-based (Bolen, 2003; Cicchetti & Lynch, 1993; Saleebey, 1992).  
The theoretical construct of attachment (Bowlby, 1958, 1988) underpins social work’s 
understanding of the consequences of trauma in children.  Developmental neurobiology research 
supports the understanding that an enriched environment, key attachments with primary 
caregivers and CAMs or mind body techniques are useful interventions.  CAMs appear to rest on 
the principles of one medicine as well as the person-in-environment perspective - the 
significance of attunement, affinity and proximity between the human and animal participants. 
Saleebey (1992) challenges social work to look at the importance of biology to the person-in-
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environment perspective.  Research in this area is lacking.  This is essential to understanding the 
rationale for treatment as dominant paradigms construct meaning, dictate research interests and 
the development of treatment initiatives.  
Risk and resilience have become key concepts for the modern social worker (Sale bey, 
1997; Cicchetti & Lynch, 1993).  Social work’s current understanding of childhood stress and 
trauma is predicated on the understanding of healthy attachment. Modern attachment theory has 
evolved from Bowlby (1958) and Ainsworth (1964, 1989) and their seminal work in identifying 
the role of attachment in healthy developmental processes in children.  Bowlby’s theory focuses 
on the significance of consistent infant-caregiver relationships to healthy growth.  Feelings of 
insecurity, difficulty trusting or maintaining relationships and unfulfilled needs might result from 
inconsistent or neglectful ties with primary caregivers. Childhood experiences that are deficient 
in this regard can have residual affects in adulthood.  More recent developments in tran actional 
theoretical perspectives contribute to the knowledge base of risk and resilienc by extolling the 
benefits of self-organizing systems theory supporting the premise that adaptation is ongoing, 
even into adulthood. What is useful to note is that research in neurophysiology over the last two
decades has demonstrated a link between attachment and a new “biopsychosociocultural model 
for child development” (Fontana and Gonzales, 2006, p. 274).  Fontana and Gonzales emphasize, 
“Bruce Perry (2004) has reported that brain development is dependent in 
great part on an individual’s connection to other human beings.  Abuse, 
neglect, and other adverse environmental factors can cause neurological 
damage that interferes with children’s ability to reason, to feel, and to 
regulate their emotions and behavior.  We must understand the importance 
of infant attachment for child brain development…the unmet needs of child 
mental health services are prevention, early intervention, and relationship-
based treatment.” (p. 274).  
These recommendations made by Fontana and Gonzales resonate with the mandate of social 
work.   Finger and Arnold (2002) contend that research on CAMs in social work is scarce, given 
the ‘goodness of fit’ with its underlying principles.  They indicate there are“…s veral specific 
applications for social work practice, both at the systems and individual level” (p. 69).  They go 
on to note, “However, little published information exists to guide these efforts.  Practice-based 
research on the use of these interventions conducted by social workers is virtually non-existe t 
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and is needed to contribute to the knowledge base of our profession…given the obvious 
ideological congruence with the social work perspective for practice, one must question why we 
have very little presence in this area of intervention as compared to other professions” (p. 70). 
A profession that grounds itself in the ‘person-in-environment’ perspective and has a 
foothold in child welfare is well situated to have a pivotal role in research and the provision of 
relationship-based treatment (Bartlett, 1958; Germain, 1981; Germain & Gitterman, 1980; 
Minihan, 1981; Siporin, 1980, 1983).  Consistent with this, social work has begun to integrate 
the use of CAMs into its research and treatment. It is useful to critically review what we know 
and don’t know that connects childhood trauma, human animal interaction and the 
neurobiological effects of CAMs as a way of exploring evidence based social w rk interventions 
with children. 
What We Know and Don’t Know 
Animal research has clearly demonstrated the relationships between the structures of the 
brain and experience, including the effects of nurturing on developmental neurobiology.  
Meaney’s work in particular indicates that nurturing, specifically touch as well as an enriched 
environment, moderates development, creates resilience and can address deprivation causing 
reversal of developmental neurobiological kindling (Bredy, Humpartzoomian, Cain & Meaney, 
2003). As stated previously, current research confirms that many neural processes in brain 
development across species are the same, albeit that human cortical activity is more complex and 
many aspects of development are as a consequence, still unknown (Panksepp, 1998). 
Relationships are important to human growth and the research in development neurobiology 
underscores that.  The research also indicates that resiliency in humans is reliant on attachment in 
relationships (Kramer, 1993; LeDoux, 1996). The research related to the impact of affinity, 
attunement, attachment, specifically related to touch, proximity, safety and trust makes a good 
case for a similar effect resulting from interspecies interaction (Carter, 1998; Bredy et al, 2003; 
Fleming, O’Day & Kraemer, 1999; Lui et al, 1997; Noriuchi, 2008; Uvnas-Moberg, 2009).  
Finally research also supports the process of self-organization as a mechanism for creating 
resilience and it promotes the idea that adaptation is ongoing.    
Conversely it is important to be cautious about the research that provides neurobiological 
support for the impact of the interspecies interaction premise as it is sparse.  Odendaal (1999, 
2003) and Odendaal & Meintjes (2003) have published studies that support the case for limbic 
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resonance between humans and animals but these studies are small and exploratory and the 
results have not been replicated.  Little is known for instance about the difference betwe n 
cortisol levels in human-animal relationships that are therapeutic interventions between strangers 
and those that exist in human animal companionships that have endured over time.  Meaney and 
colleagues (Lupien et al, 2003) have participated in one study that measures the relationship 
between enriched environments in children and proficiency in education.  This study is important 
because it attempts to apply a body of literature amassed in animal science, to humans.  More 
recent work in mirror neurons suggests that familiarity in relationships may ipact synchronicity 
in brain activity between an observer and the observed, mimicking the mentoring relationship 
that Schore (2003) describes in infant-caregiver interactions (Pfiefer, Iacoboni, Maziotta, & 
Depretto, 2008).  It is apparent however that research focusing directly on interspeci s 
interaction and the neurobiological impact for both human and animal is lacking. 
Human animal literature is obliged by its very nature to strive for research models that 
are non-invasive and studying the neurobiological implications of interspecies interaction using 
cortisol levels in saliva is non-invasive.  Panksepp (1998) reminds us that there are moral and 
ethical issues related to invasive techniques being used on humans to measure brain activity. In 
particular working with traumatized children requires acute attention paid to safety and comfort.  
Alternately, the neurobiology of interspecies interaction cannot be studied if it is painful or 
detrimental to the animal.  Human animal interaction research supports this preme with respect 
to measuring affiliative responses in animals.  Precedent has been established in this regard. The 
recent research of Uvnas-Moberg (2009) suggests that the measurement of cortisol and other 
neuro-hormones in both humans and animals would provide evidence that interactions impact on 
stress or trauma symptoms.  Research that continues to address this gap in the literatur  is 
warranted.   
The notion that human-animal relationships can be utilized as complementary or 
alternative approaches to trauma recovery in children hinges on an understanding of the 
developmental neurobiological research that links emotion to cognition and kindling to the 
impact of enriched environments (Lewis, 1995; Kramer, 1993).  If human animal relationships 
are to be considered affective tools for intervening in stress or trauma respons  in children, the 
role they play in activating pleasure and reward centers in the developing brai appear to be the 
key to understanding how. The role that attachment plays in infant and consequently childhood 
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cortical development is clear from the research discussed here.  One might speculate that the role 
that human-animal attachment plays in cortical development relies on the length and intensity of 
the relationship as well as the capacity of the animal to be responsive.  Children who swim with 
dolphins from a very early age may form different relationships from those who are inte acting 
with the large friendly family dog from birth.  Some research suggests that attachment to animals 
plays an important role in the development of the ability to develop enduring relationships later 
in life (Daly & Morton, 2006; Melson, 2003; Pfiefer, et al, 2008).  
        Melson (2003) contends that “children may cast their pets as functional younger siblings, as 
peer playmates, as their own “children” or even as a security-providing attachment figure” (p. 
37).  If human-animal relationships provide infants and children with highly interactive and 
responsive connections that are consistent, non-judgmental and hence rewarding, it is worthwhile 
exploring the clinical potential they have for augmenting cognitive behavior appro ches to neural 
development at important junctures in neuroplasticity.  Research needs to focus on the role of the 
anterior cingulated cortex, the orbital frontal cortex as well as the prefrontal cor ex and the 
relationship human-animal interaction has with these aspects of developmental neurobiology to 
understand how these relationships might impact change.  Research that builds on the work of 
Odendaal (1999, 2003), Lewis (1995) and Meaney (1985, 1991, 2003, 2007) measuring cortisol 
levels in both humans and animals is a logical place to start.   
Single Subject Design 
Single subject design was an important approach to use for this research project for a 
number of reasons.  This design provided an opportunity to look closely at the interaction 
between child and horse, a necessary component to understanding how a possible 
neurobiological interaction could occur.  It is a design that provides clarity, an opportunity to 
view the interaction being studied up close and collect pilot data. .  It also allowed f r changes in 
the research design (length and frequency of interaction) should the data indicate this would be 
useful. Finally, this was a useful design for this study as it addresses a gap in the literature – to 
date there are few single system designs used in human animal research (Esteves & Stokes, 
2008). Most human animal research has been randomized clinical trials (Antonioli & Reveley, 
2005; Friedmann, Katcher, Thomas, Lynch & Messent, 1983; Shiloh, Sorek & Terkel, 2003), 




 Although experimental approaches like randomized controlled trials have tradition lly 
been considered as the most rigorous or the ‘gold standard’ in some fields of research, it is not 
possible to do these kinds of studies in this case.  Single case design is a cost effective, 
exploratory way to establish baseline data in the measurement of neural processes in human 
equine interaction.   This design provided explicit information that can be pursued in a larger 
experimental or quasi experimental study later on. Finally, this study provides pilot information 
about an approach to measuring human animal interaction at a time when there is very little if 
any literature on the topic.   This study will provide a baseline for future research.  
In general, the strengths of single system design are its flexibility, its wide applicability to 
variable settings, types and levels of interventions as well as types of problems (Bloom, Fischer 
& Orme, 2006; Nugent, 2010).  The limitations of these designs include generalizability beyond 
the studied population and small sample sizes.  The challenge to internal validity in studies that 
use these designs is finding empirically supported measurement tools and the capacity of the 
design and those tools to measure adequately whether observed change began before the 
intervention.  
Literature Review 
Studies that utilize single system designs with children provide some insight into the 
usefulness of this approach (Briggs, Leary, Briggs, Cox, & Shibano, 2005; Korn & Leeds, 2002; 
Whitfield, 1999).  A study by Briggs and colleagues (2005) tracked the compliance and non-
compliance of a mother and her two children, ages 5 and 10, in response to interventions 
addressing changes in both the mother and children’s behavior.  The parent participated n group 
training sessions (4) that were reinforced by a 6 month follow up period where the parent 
collected data on the changes of behavior in their child. These scores were collated with parent 
self esteem scores.  The study used an A-B single systems design where A is a multiple baseline 
of behavior across participants (children) and B is the treatment of rewarding compliant 
behavior.  The study demonstrated a change in child management by the parent, and improve 
behavior in her children as well, resulting from an applied behavioral parent training technique.  
This study was unique in that it focused on simultaneous changes in behavior of both the single 
parent and her children.  The fact that the parent collected data on changes of behavior could 
impact the rigor of the study by introducing threats to internal validity and reliability.  This 
approach however has developed protocol to ensure reliability and has been used in subsequent 
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studies as a way to collect multiple daily results (Dozier, et al, 2006; Gunnar, Morrison, 
Chisholm & Shuder, 2001).  As well, other events that occur during the 6 month follow up 
period might influence parent and child behavior such as adherence to scheduled timing, 
frequency or fidelity of behavioral interventions by the parent and perception of the children’s 
responses. Regression to the mean (spontaneous change regardless of parental behavior or scores 
moving towards the mean when they are extreme), practitioner expectation or diffusion between 
the parent and other parents in the training sessions may have also contributed to change.   This 
study did however provide an in-depth opportunity to ‘observe’ the parent child interactions for 
six months in a way that would be difficult for researchers using group design to do. 
A second study explored the impact that a 12 session anger management program had on 
8 conduct-disordered students referred for behavioral problems in a school (Whitffield, 1999).  
The study had matched pairs of students, with 8 students participating in the intervention and an 
additional 8 students held as controls.  The 8 students receiving the intervention were picked 
randomly. The 8 pairs (participants and controls) were matched as closely as possible using the 
Staff Daily Reports (Achenbach, 1991) that has a Cronbach’s alpha (internal consistency) of .80; 
and a test/retest reliability of .89 to .92) as well as the Self Control Rating Scale (alpha .98).  
These scales were used to assess anger and match the paired students.  All 16 students were a 
convenience sample and they were randomly assigned to participate in the research.   
Participants continued to attend a day treatment program in addition to participating n the anger 
control group.  Staff members of the day treatment program were blind to who was involved in 
the additional group.   The two self-reports and the State Trait Anger Expression Inventory 
(Spielberger, 2008; alpha .82), measures were used to determine results. The study used a 
multiple base line design across subjects.   In addition hierarchical linear modeling (HLM) was 
used to compare the study and control groups to determine between subject differences, the 
overall intervention trends and the Self Control Rating Scales for each group. The results 
indicated that the majority of the eight intervention participants improved n self rating reports 
as well as reported behavior by staff. Generalizability of these results i  limited by the use of a 
convenience sample. Self reports can be misleading but in this case, corroboration with day 
treatment staff behavior reports improved the internal validity and reliability of the design.   The 
Whitfield and Briggs studies suggest that single subject designs can be useful for determining a 
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detailed understanding of unique descriptive data for an individual, particular condition or 
approach to measurement in a less costly manner, before proceeding on to a group design.   
Summary and Introduction to the Study. 
Single subject design provides an opportunity to explore the human animal relationship in 
detail.  This study looks at equine human interaction, specifically with children who have 
experienced trauma. It focuses on the neurobiological markers of stress related to trauma, 
specifically cortisol.   A thorough description of the screening procedures, study design, sample, 
measures as well as details about data collection is provided.  
                  Salivary Cortisol: the Role of Cortisol in Developmental Neurobiology 
Cortisol or glucocorticoid is a hormone produced by the adrenal glands that plays a role 
in the regulation of a number of bodily processes including blood pressure, blood sugar (insulin), 
immune system and inflammation.  The body secretes this hormone in response to stressful
events.  Mammals experience day time levels of cortisol that are usually highest n the morning 
when they awake and lowest before sleep at night.  Most diurnal animals have similar rhythms.  
Stress in human and non-human mammals impacts the neurophysiology of the brain in complex
and integrated ways.  The goal of this neurobiological process is to return the individual to a state 
of balance, as experienced before the stressful event, commonly labeled ‘homeostasis’ (McEwen, 
2000; Willoughby, Vandergrift, Blair & Granger, 2007).  Key epicenters that are implicated in 
the stress response and cortisol production/response are the limbic system, the hypo alamic-
pituitary- adrenal axis (HPA) and the central nervous system.  Various hormones and 
neurotransmitters play a role in coordinating and responding to messages that parts of the brain 
emit in response to stressful events.  The role of corticotrophin release factor (CRF) is to 
coordinate the function of the HPA in some respects as well as modulate the individual’s 
response to stress.  The CRF is released from a part of the hypothalamus and actso  receptors in 
the pituitary gland which results in the release of adrenocorticotropic hormone (ACTH).  ACTH 
then acts on the adrenal gland to release glucocorticoids or cortisol.  ACTH has been 
demonstrated to have a strong nocturnal and early morning relationship with cortisol secretions 
and appears to be the prime regulator of cortisol although it is acknowledged that other factors 
may influence the release of cortisol as well (Krishnan, Ritchie, Saunders, Wilson, Nemeroff, & 
Carroll, 1990). These glucocorticoids act on a number of systems and epicenters that re pond to 
anxiety, including the inhibition of the release of more CRF (for the purpose of bringing the 
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bodily system back to homeostasis) and impacting the sympathetic nervous system, to name a 
few (Bale, Lee & Vale, 2002).   Willoughby et al. (2007) describe an inverted U shape that 
represents the increase of cortisol in response to the stressful event and a down regulation or 
modifying of the cortisol as an adaptive response afterward.   
Children who have experienced post traumatic stress disorder (PTSD) can have irregular 
patterns of cortisol secretion that include extremes of high to chronically low basal and diurnal 
levels (Cicchetti & Rogosch, 2001; Gunnar, Morison, Chisholm & Schuder, 2001; Yehuda, 
2006).  Changes in cortisol levels are not necessarily predictable although this body of research 
is small.  Current research indicates that cortisol levels can be influenced by the extent and 
severity or type of trauma or neglect, temperament, personality and genetic predisposition as 
well adaptation and availability of coping resources (Bevans, Cerabone & Overstreet, 2008; 






Obtaining Potential Participants 
 Children were recruited through child welfare agencies in the same geographical region 
as the farm in the following manner: 
• The Executive Directors of these child welfare agencies were contacted for potential 
participants (see Appendix I), and provided by the principal investigator with letters of 
information and consent to contact forms; 
• The Executive Directors and clinical staff of these agencies identified children who they 
thought might be potential participants, and then contacted the guardian(s) (this term 
includes parents, grandparents, or anyone legally responsible for the child) of the select d 
children by phone or email and to notify them about this study.  The children’s guardians 
signed the consent to contact form (see Appendix II); 
• The Executive Director and clinical staff  described the study to the children’s guardians, 
had the guardians sign the consent form when interested in having the child participate, and 
then provided the guardian with a copy of the information letter (see Appendix III) 
• Guardians who signed consent forms contacted the principal researcher by phone, who 
again discussed the informed consent and the information letter, and then assent was 
obtained from the children when they arrived for the screening process (see informed 
consent procedures below). 
 Children were also recruited from the farm’s waiting list of children wating to 
participate in the farm’s riding activities however none met the criteria for the study, specifically 
they did not fall in the appropriate age group or they were on medications that prevented th m 
from participating. 
Study Design 
An ABCBA single case design, with multiple baseline elements, was used in the study. 
The phases of this single case design are as follows (see figure 2, p.60).  
The first baseline (A) phase involved the collection of three samples of cortisol a day, one 
day a week, for three weeks. The day of the week (Tuesday, when the principle investigator was 
available) the samples were collected was specifically chosen so the horses and children could be 
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tested on the same day.  These baseline samples were taken in the child’s home by er or his 
guardian, with one measure taken in the morning, one in the middle of the day, and one late in 
the evening. The STAIC-Trait Inventory was administered in this phase, prior to the beginning of 
the B phase. In the B phase, children came to the farm, the location for the therapeutic iding 
program, for one hour a day to draw a picture and write a story.  The STAIC-State was 
administered before and after each drawing and writing session by the same team member (the 
principal investigator and social work student). During this phase the child’s heart rate was 
monitored while they were drawing and writing, and her or his cortisol levels were m asured 
every 15-20 minutes.   
The C phase was the intervention.  It involved the children coming to the farm for an 
hour.  During this hour participants groomed a horse for approximately 15 minutes, rod  the 
horse for approximately 30 minutes, and then groom the horse for another 15 minutes.  Cortisol
was collected during this phase every 20-30 minutes, and the children’s heart rates we e 
continuously monitored. When children were riding the horses, they were video-taped for five 
minutes at the beginning and five minutes at the end of each riding session with the child.  
The second B phase had the child come to the farm for one hour per day for drawing and writing.  
Cortisol levels and heart rates were collected as described above for the first B phase. The 
concluding A phase of the study was identical to the first A phase. The STAIC-Trait Inventory 
(Spielberger, 2008)  was administered again here. (see Measures section)  
 
  A multiple baseline design with a staggered implementation of C phase was imposed on 
the BCB portion of the single case design, as follows.  The first child in the study was in the first 
B phase for one day; the C phase for six days; and then the second B phase for five days.  The 
second child was in the first B phase for two days; the C phase for six days; and then the s cond 
B phase for four days.  The third child was in the first B phase for three days; C phase for six 
days; and the second B phase for three days. The fourth child was in the first B phase for four 




Figure 1: Design, Phases B & C  
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Figure 2- example of how a single case design with an ABC style design would lo k 
 
Measures 
Screening Measures: Children 
The Child PTSD Symptom Scale, CPSS (Foa, Riggs, Dancu, & Rothbaum, 1993; Foa, 
Johnson, Feeney & Treadwell, 2001) is a 26-item measurement scale that includes 2 event items 
(describe/indicating time since most stressing event), 17 symptom items, and 7 functional 
impairment items.  Symptom items have a four point frequency Likert-type scal  assessment of 
functional impairment and participants indicate how much they agree with a statement for each 
item. Functional impairment items are ‘yes’ or ‘no’. The questions are read to the child. This test 
has been determined to be robust has been translated and tested in other cultures (scale internal 
consistency was high, alpha = .89), It is brief and easy to use.  “This tool has good internal (alpha 
= .89) and test-retest reliability (.84) for two weeks, and for subscales, moderate to good internal 
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case the internal reliability indicates the correlation between this scale and all other possible 
scales measuring the same thing with the same number of items.  Test/re-test reliability refers to 
the correlation between two or more administrations of the instrument with different populations 
or at different times and measures the degree of stability or change over time, when giving the 
same test to the same participant at different points in time.  A cut score of 11 out of 65 has been 
established for scores from this scale.  This cut score allows classifiction of children into the 
study with significant PTSD symptoms (Foa, Riggs, Dancu, & Rothbaum, 1993; Foa, Johnson, 
Feeney & Treadwell, 2001). 
Dependent Variable Measures: Children 
Two scales were used to measure the effects of the therapeutic riding program in addition 
to the collection of cortisol and measurement of heart rate.  These measurement scales are 
discussed here, and the measurement of cortisol and heart rate are discusse in the sections that 
follow.  
• The Child PTSD Symptom Scale (CPSS) (Foa, Johnson, Feeney & Treadwell, 2001) was 
administered during screening and after completion of the second baseline.   
• The State Trait Inventory for Children was administered during screening a d then again 
at the end of the last A phase.  The State Inventory (STAIC S-anxiety; (Spielberger, 
1973, 2008) was administered each day that the child rode the horse, both before and 
after.  It was also administered throughout the drawing and writing phase (phaseB).   
The State Trait Inventory for Children, STAIC (Spielberger, 1973, 2008), consists of two distinct 
scales for measuring different types of anxiety: state and trait. The STAIC S (state) anxiety scale 
is designed to measure how much anxiety the child feels at any given moment.  The STAIC T 
(trait) anxiety scale measures proneness to anxiety that is relatively stable over time. Each scale 
includes 20 statements with three phrase answers to choose from and it is specifically designed 
to measure anxiety in children. The principal researcher read the instructions to the child aloud, 
who reads them silently, and the principal researcher ensured that the instructions are 
understood.  The child was given an opportunity to raise questions. The questions were then 
asked by the researcher of the child in sequence.  This measure was used to respond generally or 
in relationship to a specific task the child is participating in.  The range of scores is from 20 to 
60.  The test-retest reliability for the trait scale (STAIC T-Anxiety scale) is .65 and .71 
respectively for males and females, and lower for the state scale (STAIC -Anxiety scale) at .31 
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and .47 for males and females. Over a six week interval. Spielberger (2008) has indic ted that 
“The test-retest correlations for the STAIC S-Anxiety scale are quit  low, as would be expected 
for a measure designed to be sensitive to the influence of situational factors” (p.12). The internal 
consistency for the T-Anxiety scale is good (alpha .78 for males to .81 for females), as is the 
internal consistency for the S-scale (alpha .82 for males to .87 for females).   
Procedure  
Training of Volunteers and Coaches 
 The program employs coaches and utilizes volunteers from the standardized volunteer 
program at the farm. Coaches are certified through the Canadian Therapeutic Riding Association 
(CanTRA) to work with people with special needs.  Volunteers are screened using the protocol 
for the therapeutic riding program.  All employees, coaches and volunteers must co plete an 
application, submit a police check, references and participate in training related to the area of the 
farm they participate in.    
All volunteers who participated in the study were drawn from the volunteer compliment at the 
farm.  A notice was sent out and interested individuals responded.  Only those volunteers with a 
long standing relationship with the farm, areas of specific expertise required for the study and 
recommended by the volunteer coordinator, were asked to participate.  The volunteers who 
participated in the study were asked to sign a confidentiality agreement prior to beginning their 
training.  They were trained on two separate days, provided with information about how to
conduct research, how to assist with the collection of samples and given details about each phase 
of the study (see Appendices XIV, XV and XVI).  All of the volunteers participated in the same 
aspect of the study throughout the entire 12 days.  One CanTRA certified male coach was 
assigned to the study to maintain consistency throughout.  The coach was involved in the trai ing 
sessions along with the volunteers.    
Screening Potential Participants  
 A child must have met the following criteria to be eligible to participate in the proposed 
study:  
• Be between the ages of 8 and 10; 
•  Score above 11 on the Child Post Traumatic Stress Disorder (PTSD) Screening 
Inventory (Foa, Johnson, Feeney & Treadwell, 2001; see below).   
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Criteria for exclusion were engaging in any violent or acting out behavior while at the farm that 
would endanger the horses or the other children.  Children were excluded if they were on 
medication for trauma or stress symptoms.  Medication itself can increase or decrease cortisol 
levels. Every effort was made to have equal numbers of boys and girls in the study.  
Horses were chosen from the available therapeutic riding mounts in each program.  Standard 
procedures from the North American Riding for the Handicapped Association (NARHA) and the 
Canadian Therapeutic Riding Association (CanTRA) were used in both programs to match 
children to horses (NARHA; Anderson, 1999).  This includes size, demeanor and personality of 
both horse and rider. 
Screening Procedures 
During the first meeting with potential participants, the principal investigator reviewed 
the study with the parent to sign the informed consent. The child was asked for his or her assent 
(see informed consent process, Appendix IV description on page 198 below). Guardians were 
also asked for permission to videotape the interactions of the child with the horse on each of the 
6 days of the therapeutic riding program Guardians were told that the videotapes will b  used 
initially to identify behaviors in both children and horses that indicate stress or relaxation but that 
the principal investigator would like to review the tapes in greater detail at a later date for the 
purpose of understanding better how the horse and child relate with each other. Guardians wee 
told they would receive a copy of the tapes. (See informed consent procedures on page 194 for 
further information.) 
To participate in the study, children had to score above 11 on the Child Post Traumatic 
Stress Disorder (PTSD) Screening Inventory (Foa, Johnson, Feeney & Treadwell, 2001; see 
below for detail on this and other measures). As a result, after consent and assent were 
completed, children were asked to complete this measure.  If the score was at or bove the 
cutting score, the child was included in the study and the child asked to complete the Trait-State 
Inventory (Spielberger, 193; 2008).  If the child was not able to participate, the child was placed 
on the wait list for the therapeutic riding program. 
Horses regularly used in the therapeutic riding program were paired with the c ildren. 
Matches were chosen by CanTRA (Canadian Therapeutic Riding Association) certified coaches 
who were familiar with the horses.  Horses were chosen because of their size and perso ality.  
They were assigned to children with the purpose of addressing specific challenges the children 
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had and whether they were a good physical match.  For example, one child was very timid so she 
was assigned a horse that required that she be very assertive in her riding aids.   
Methods for Obtaining ‘Informed Consent’ from Participants 
Through child welfare agencies or the waiting list of the farm, guardians of the children 
served by these agencies were notified about the possibility of participation in he study, asked to 
sign a consent to contact, and to contact the principal investigator if they wer interested in 
having the child participate in the study (See Recruitment of Potential Particip n s under Sample 
section). Once the principal investigator had been contacted by a child’s guardian about possible 
participation in this research, the principal investigator went through the informati n letter (see 
Appendix) and described in detail what participation in the research involved.  The principal 
investigator went through the informed consent form (Appendix II) with the guardian.  
Guardians were informed of the risks involved in participation, and about the protective 
measures taken to protect children.  Guardians were informed that participation is s rictly 
voluntary and that there are no penalties should they decline to allow the child to participate.  
They were also informed that they could decide at any point to withdraw the child from the 
study, and the child could decide at any point to withdraw from the study, with no penalties and 
that this would be discussed with the child. The principal investigator then went through the 
assent form with the child (see Appendix IV).  Children were told what participation involved 
and were told about the risks inherent in participation and the protective measures to be taken.  
They were told that participation is voluntary and that they could decline to partici te with no 
penalties.  They were also informed that they could change their mind about participation and 
stop at any time with no penalties.  The principal investigator then made sure a ignature was 
secured on consent and assent forms.    
Completing Pretest Measures 
Salivary Cortisol Collection: Children 
Baseline cortisol samples were collected from children through saliva samples stored in 
vials provided by the principal researcher (Gunnar et al, 2006).  Samples were collcted in sterile 
hormone free containers approved by Salimetrics, the leading North American resource and lab 
for processing salivary samples , at standardized predetermined times with instructions provided 
to guardians, by the principal investigator, about how best to collect the samples of saliva (see 
Appendix V).  The children were asked to spit into a vial, and guardians would tightly screw the 
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cap on.  Guardians were instructed to store it immediately in the refrigerator until all of the 
samples were completed then store in the freezer compartment of the refrig rator in the child’s 
home.  Guardians were asked to make sure all samples were collected with no prior intake of 
food or dairy products for 30 minutes before. Children were asked to be sitting quietly for 30 
minutes before the samples were taken.   Samples were coded so that the children were not 
identified in any way, except to the primary researcher. A master list was created that includes 
this information. In addition dates and times of collection were written on each vial by the 
primary researcher.   
Saliva tests were also collected throughout the study, in both phases B and C, using the ame 
method, overseen by the researcher.  Each child was asked to supply a saliva sample upon arrival 
at the farm.  Children would spit in a small 2ml vial, which was then capped and given to the 
research team volunteer.  The volunteer would ensure that all necessary informaton was coded 
on the vial and would record the data on a sheet provided.  Heart rates and times of collection 
were also recorded by a volunteer.  The same volunteer was used throughout the study for 
collection of this data.  Completed saliva tests were then stored in ice packd coolers then  store 
in freezers until they were sent for analysis. They were transported from the farm in dry ice to a 
deep freezer and then transferred for processing in a cooler of ice to slowly tha , to a laboratory 
facility in Ontario.   
Heart Rates: Children 
Each child wore a heart rate monitor that looks like a watch (Polar FT40 Heart Rate 
Monitor) during the portions of the study when heart rate was monitored.  The monitor included 
a watch and a chest strap. Guardians were asked to put on the child before the data was collected.  
They were asked to put their Polar HR monitor on with the assistance of their guardian.  Heart 
rate data were collected for the full hour each day that the child was drawing pictures and writing 
stories (phase B) as well as when they were grooming and riding the horse (pha C).  Where 
possible heart rates were manually recorded with the times saliva was collected to ensure 
consistent collection of the data.  HR monitors occasionally stopped working and had to be 
restarted because children inadvertently turned them off by bumping up against the horse or 
leaning on the start mechanism.  Every effort was made to prevent this from happening. 
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Salivary Collection: Horses 
Saliva was collected from the horses every 20-30 minutes, generally coinciding with 
saliva collection from the children.  Horses were habituated to the use of the procedure b fore 
and during the baseline collection of saliva samples.  They were kept in stalls without hay or feed 
for 30-60 minutes before the samples were collected.  Head stalls (bridles without reins) and 
stainless steel bits were used to facilitate salivation for the time that each sample was collected.   
Samples were collected from the horses during the times the children were drawing and writing 
and the horses were not being used as well as during the time they were being groomed and 
ridden by the children. During the baseline and follow up collection phases samples were 
collected three times a day, morning, midday and night.  Every effort was made to collect 
samples at the same time, one day a week, for three weeks in a row before and aftr the
intervention occurred.  Horses had saliva samples taken throughout both phase B (drawing and 
writing) and phase C (grooming and riding) of the study.  During the intervention every effort 
was made to collect samples at the same time as the children’s samples were collected.   
Six inch cotton ropes from Salametrics were used to collect the saliva. The horse was encouraged 
to chew on the rope for 2-3 minutes, then the end containing the saliva was cut and stored in a 
cryovial that was marked with identification information that included the horse’s study number, 
date and time of sample collection.  Scissors used for cutting the cotton ropes were soaked in an 
antiseptic solution, between samples, and all samples were collected using clea  rubber gloves.   
The process required the participation of two research volunteers – one to get the sample from 
the horse and one to cut the rope and seal the vial.   
Heart Rates: Horses 
Polar S625x equine heart rate (HR) monitors were used to collect heart rates on horses 
while at rest during the children’s participation in phase B (drawing and writing) and while being 
groomed and ridden in phase C.  HR monitors were attached using an over girth (broad strap 
applied to the horses’ chest).  Leads for the HR monitors were applied underneath the over girth, 
using water and conductive gel to facilitate consistent access to the horses’ eart rates.  The heart 
rates were collected in most cases from the time the child began to groom the horse, thr ugh the 
ride and through the final grooming session.  Manual rates were documented at relvant intervals 
incase the HR monitor stopped working in between.  Heart rates were not collected throughout 
baseline or follow up sample collection.  Horses’ heart rates were collected for most of the 
66 
 
therapeutic riding sessions.  Access to a limited number of equine heart monitors because of cost 
curtailed the breadth of heart rate collection throughout the study.  In addition hear rate monitors 
provided difficult to use, and did not consistently collect reliable data.  A more detaile  
explanation is provided in the missing data section. 
A Phase: Baseline 
The children’s guardian obtained saliva samples, as described above, three times, one day 
a week for the three weeks of baseline.  The principal investigator collected these samples from 
the child’s guardian at the end of baseline phases. All children and their guardians were supplied 
with three plastic bags that contained specifically marked cryovials for each week of baseline 
saliva collection.  Instructions as well as time sheets were included with the sample cryovials.  
All but one sample were collected successfully.  Guardians were called by the principal 
researcher to ensure saliva collection was taking place and to answer any questions they had.   
B Phases (drawing and writing) 
Children arrived at the farm and were immediately asked to put the HR watch and cest 
strap on, with assistance from their guardians.  They were then asked to supply a saliva sample 
and their heart rates and time of sample collection were recorded.   The childr n were asked to 
draw a picture, write a story and interact with the researcher and designat d volunteers during the 
B phases of the study.  The same volunteers were used consistently for each aspect of the study, 
throughout.  Each child completed the State Inventory (STAIC S-anxiety; (Spielberg r, 1973, 
2008) pre phase B with the researcher or designated volunteer.    
The drawing and writing took place at the farm in a playroom/classroom facility.  Saliva 
samples was collected every 20 minutes and heart rate will be continuously monitored. The 
STAIC S was completed post phase B, after each of the six sessions.   Children did not have 
access to the horses throughout phase B.  Children were at times reluctant to drw a picture and 
in particular, write a story but were encouraged using neutral statements discu sed in the 
volunteer training (see appendix).  Children participated in drawing and writing before and after 
the six days of consecutive riding. 
C Phase (grooming and riding) 
Children arrived at the farm and were immediately asked to put the HR watch and cest 
strap on, with assistance from their guardians.  They were then asked to supply a saliva sample 
and their heart rates and time of sample collection were recorded.   The State Inventory (STAIC 
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S-anxiety) was administered by a designated volunteer/primary researcher.  They proceeded to 
groom with the assistance of their volunteer leader and side walkers.  This involved tacking up 
the horse (putting the saddle on) as well as brushing the horse, picking any stones out of their 
feet and assuring that all equipment was safely in place.  The coach then safety checked the horse 
and rider (ensuring the child’s helmet fit properly).  A saliva samples and heart rate was 
collected and recorded before the child, volunteers and the coach proceeded to the riding phase.   
Children were assigned to work with one individual horse for the grooming and riding 
activities of the study. Children were involved in the grooming/riding for one hour a day, for 6 
consecutive days.  They groomed the horse for 15 minutes, rode for approximately 30 minutes 
and groomed again for 15 minutes.  There was variability in these time lines and every effort was 
made to keep the collection of data within a 20 to 30 minute window.  Each child was oriented to 
grooming and riding protocol on the first day by an experienced volunteer who was also the 
leader/walker throughout their six days of consecutive riding. The same three volunteers (leader 
and side walkers) as well as coach accompanied each child horse pair throughout the duration of 
the six consecutive day ride.   
The children spent approximately 30 minutes riding.  Each lesson included work at the 
walk and at the trot (see appendix). After riding children immediately supplied a saliva sample 
and their heart rate was recorded.  They groomed for approximately 15 minutes and supplied a 
saliva sample and heart rate before the monitor was removed. The child was then administered 
the State Inventory (STAIC S-anxiety) again before leaving the farm.  Children did not have 
access to guardians throughout phase C although guardians could see them from a viewing 
lounge located at the far end of the arena.  
A Phase: Follow up 
The children’s guardian obtained saliva samples, as they did with baseline sample 
collection, three times, one day a week for the three weeks of follow up samples.  The principal 
investigator collected these samples from the child’s guardian at the end of follow up phase. All 
children and their guardians were supplied with three plastic bags that contained specifically 
marked cryovials for each week of baseline saliva collection.  Instructions as well as time sheets 
were included with the sample cryovials.  Guardians were called by the principal researcher to 




The potential risks to children participating in this study were injuries, such as those 
arising from a fall from the horse, breach of confidentiality, and the child gettin  upset or 
frightened about riding.  
Protection 
Protection from injury: The risks from riding are the same as those for any other child 
involved in this therapeutic riding program.  The principal protection is the routine protocols 
used by the coaches and volunteers who conduct the therapeutic riding program.  These coaches 
must go through a rigorous training program and then must be certified prior to being employ d 
by this riding program.  Volunteers must also go through a rigorous training program.  These 
certified coaches and trained volunteers routinely use specific safety protocols o protect children 
during the grooming and riding activities.  They conduct all grooming and riding activities.  The 
principal investigator observed the grooming and riding activities and on one occasion side 
walked, as a volunteer was missing for one ride (she was trained as an agency volu teer).  There 
were no incidents of injury in the study.  
It should be noted that the therapeutic riding program conducted by the farm has been 
open since 1989, and has had approximately 8000 individuals participate in the therapeutic riding 
program.  There have been no incidents with participants in the therapeutic riding program that 
resulted in injury.  A few children have fallen during riding but in all cases they did not result in 
injury, and the children who have fallen have gotten back on the horse with no problems.    Out 
of 2500 rides supervised in 2007, only four such incidents have occurred or .2 percent of all 
supervised rides. 
Protection from breach of confidentiality: Confidentiality is inherent in program protocol as all 
coaches and volunteers sign confidentiality agreements with the farm.  Children were known to 
volunteers and coaches by their first name only. Participants in the study were not identified 
from other program participants in any way in the program files.  Each child had a numerical 
code.  The master list of numbers will be kept on a hard drive and backed up on a jump drive 
available only to the principle investigator.  There was no risk of linking the master code to the 
child’s data or name since there will not be any names of children who participated n this 
research on any of the samples collected..  Data was stored in a locked cabinet in the principal 
researcher’s private office   
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Protection from adverse emotional experiences: A counselor (principal researcher, a clinical 
social worker and seasoned rider) was onsite for any problems or concerns that might arise with 
the children during the various activities.    The only problem that arose was reluctance by one 
child to participate in drawing and writing after she had completed her six days of writing.  After 
some discussion with the principal researcher it was determined that she found the exercise ‘too 
much like school’ and wanted to continue to interact with the horse. 
Benefits 
The main benefits for children who participate in the program are (1) the enjoyment of 
the activities, and (2) potential therapeutic benefit if the grooming and riding activities are 
successful in lowering posttraumatic symptoms.  There is a further potential benefit in terms of 
the knowledge gained from the results of this research. A final benefit for the participants is that 
after the child has participated, he or she will get a video-tape of their ride on the horse. 
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 Chapter IV 
Results 
Overview 
In this chapter the characteristics of the children who participated in the dissertation 
research are described.  The results of analyses of the various measures testing research 
hypotheses are also presented.   
Sample Characteristics 
Children 
The four participants were two girls and two boys.  The girls were eight and ten years 
old, and the boys were nine and ten years old.  The child identified as number one below was an 
eight year old girl referred from the women’s shelter aftercare group for children.  She scored 
18/65 on the CPSS anxiety inventory.  This girl scored above eleven on the Child Post Traumatic 
Stress Disorder (PTSD) Screening Inventory or CPSS (Foa, Johnson, Feeney & Treadwell, 
2001), the criterion necessary for a subject to be eligible to participate in the research.  The child 
identified as child number two dropped out of the study just before it began.  The second girl, 
labeled as child number three below, was also a referral from the local women’s sh lter.  She 
scored 15/65 on the anxiety inventory.  Child number three and her sibling moved with their 
mother from the family home during the study which had the potential to impact her stress lev ls 
in the study.   Neither child number one nor child number three had been on a horse before.   
The child identified as number four below was a nine year old male who was referred by 
a local Catholic family services agency, along with his older brother.  This child had been around 
horses once or twice at a family member’s farm but had never groomed or ridden.  He scored 
17/65 on the anxiety inventory. The child identified as number five below was ten, the older of 
the two brothers who participated in the study.  He scored the highest on the anxiety inven ory, 
25/65. None of the children were on medication, had allergies or exhibited acting out behavior 
that would be prohibitive for their participation in the study.  Overall, seven guardians agreed to 
be contacted and were screened and assessed.  Four children had scores above the cutoff crit ria 





A number of horses were available to participants in the study and the CanTRA coaches 
made an effort to match each child with a mount that would suit their needs.  Horse numberone 
was a Halflinger, approximately 15 years old who had been at the farm approximately five years.  
He had been regularly used in the therapeutic riding program throughout that time.  He was
matched with child number one because of size and outgoing personality, which seemed to be 
similar to hers.  Horse number two was not used because the child he was paired with dropped 
out of the study.  Horse number three was a Fjord, approximately nine years old who had been at 
the farm for approximately three years.  He was matched with child number thre  because she 
was timid and he required firm direction.  Horse number four was also a Halflinger, 
approximately 16 years old.  He had been a cart horse prior to his coming to the farm 
approximately five years ago. He was chosen because he was very quiet and because of his small 
size.  Horse number five was a thoroughbred that had been at the farm approximately two y ars.  
He was a racehorse previously and came to the farm through the Long Run Retirement Program. 
He was matched with child number five because he was very calm and quiet and because of his 
size (child number5 was the biggest of all of the participants).    
STAI State and Trait inventory Results 
Children 
Trait anxiety data were collected before and after the twelve day interve ion for each 
child.  State anxiety data were collected daily, before and after each intervention in each phase.  
For specific scores for each day of the intervention for all four participants, see table 2. 
Child #1 
Child number one scored 55 on the Trait Anxiety scale prior to the intervention (pre-test) 
and 37 at the end of the study (posttest).  This apparent decline in anxiety was not reflected as 
clearly in this child’s State Anxiety scores that were collected daily before, and after, each 
intervention period, with a high score on the first day of the intervention of 44 that dropped to 30 
by the end of the first drawing and writing session in phase B.  The rest of the drawing and 
writing in phase B for child number one occurred after her six days of riding and rooming in 
phase C.  These scores were lower [Mean (M) =22].  There was some reduction in anxiety 
demonstrated in the first two days of riding and grooming in phase C, with a pre score of 32 and 
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a post score of 26 on the first day of riding, and a pre score of 34 and a post score of 23 on the 
second day of riding. The rest of the days showed a small and gradual decline until she resum d 
phase B, as discussed above. 
Child #2 
This child is not represented in any of the data as they dropped out of the study shortly 
before it began.     
Child #3 
Child number three showed essentially no change in trait anxiety, scoring 38 at pretes
and 37 at posttest.  The State Anxiety scores were similar for child number three, s owing little 
or no change during phase B drawing and writing pre (M=29.3) to post (M=29.3) tests, and no 
change during phase C, pre (M=30) and post (M=31) tests.   
Child #4 
Child number four scored 32 on the Trait Anxiety scale at pretest, and 30 at posttest.  He  
showed some changes during the first phase B before missing a day in the study, however, and 
his State Anxiety scores indicated that his anxiety increased slightly during phase B, drawing and 
writing, pre (M=25.2) to post (M=27). His riding and grooming scores in phase C were similar, 
with a pre (M=29) to post (M=28.1) change that was a slight reduction.  
Child #5 
Finally child number five scored 29 at pretest on the Trait Anxiety scale, and 34 
following the intervention, showing an apparent slight increase in trait anxiety ov rall. In his 
State tests he demonstrated a slight change in phase B, drawing and writing pre (M=28) to post 
(M=26) but demonstrated no changes pre (M=29) to post (M=29) in phase C, drawing and 








Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
55 37 38 37
Day 1 44 30 28 26 
Day 2 32 26 33 38 
Day 3 34 23 30 32
Day 4 30 31 30 30
Day 5 27 28 30 30
Day 6 29 29 30 32
Day 7 26 23 30 30
Day 8 20 20 30 29
Day 9 23 22 28 30 
Day 10 22 22 31 27 
Day 11 23 25 29 27 
Day 12 20 23 27 28 
Mean 25.3 24 30 27 29.3 29.3 30 31
32 30 29 34 
Day 1 22 31 24 26 
Day 2 22 21 24 24 
Day 3 24 27 35 26 
Day 4 28 24 26 26 
Day 5 25 30 29 29
Day 6 0 0 0 0
Day 7 30 27 29 29
Day 8 29 30 29 29
Day 9 30 29 29 29
Day 10 30 29 29 29
Day 11 29 29 29 29
Day 12 29 26 29 27 
Mean 25.2 27 29 28.1 28 26 29 29
Child #4 Child #4 Child #4 Child #5 Child #5 
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Child #3 
STAIC State Riding 
and grooming Phase C
Child #3 Child #1 
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and grooming Phase C
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Heart Rate (HR) results 
Children 
Heart rates (HR) were not consistently collected for every child participant because of 
equipment malfunction.  The HR results were inconclusive in terms of comparison to horses’ 
heart rates because of missing data.  From the data that were collected, the graphs and discussion 
of each child and horse follows.   Heart rates were collected at the same time that salivary 
cortisol was collected for all participants. 
Horses 
Heart rate (HR) results were inconclusive in terms of comparison to children’s HRs, in all 
cases, given the irregularities experienced with the Polar equine monitors.  One of the horses 
broke a monitor halfway through the study, leaving only one monitor available to collect data.  
The HRs that were collected were insufficient for comparison in some cases. Horse’s HRs were 
collected at the same time that salivary cortisol was collected for all participants.  As is discussed 
below, there were HR data missing for subjects on several days.  This meant we were unable to 
compare heart rates between the children and the horses across all days of the study. 
Child #1 
From the 12  sessions, child number one had 11 of the 12 days heart rates recorded, with 
data missing for day two, which was the first day of her riding and grooming.  With the 
exception of the last day of phase C, riding and grooming, her mean heart rate appeared to fall 
steadily through her riding and grooming sessions.  With a return to the second phase B, drwing 
and writing, HRs started to level off and increase slightly.  The last day of riding included a walk 
outside the arena, a new experience for this child, on the horse and with her side walkers and 
coach along, a change that she had been informed about the previous day.  This could have 
accounted for the changes in heart rate given that she expressed excitement about it at the end of 
her ride the prior evening (see figure 4, p. 76). 
Horse #1 
Horse number one had five of 12 days HRs collected, four of which were collected 
during the riding and grooming phase of the study.  Although the data is incomplete it does 





Figure 4: Child #1 Heart rate means for 11 of  12 days of the intervention.   
Day 1 (D1) is drawing (dr) and writing (wr), day 2 through 7 is riding (r) and grooming (gr).  Day 8 (D8) through day 12 (D12) is 




Figure 5: Horse #1 Heart rate means for all 12 days of the intervention.   
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All 12 days of Child #3’s heart rates were collected.  The pattern appears to mimic the 
STAI -S self report anxiety inventory (see table 1) with minimal changes in heart rate across both 
phases of the intervention, with a slight decline through day three, four and five of phase C, the 
riding and grooming and a slight increase in the second phase B, drawing and writing (see fi ure 
6, p. 77). 
Horse #3 
Horse number three had five of 12 days HR’s collected, four of which were collected 
during the riding and grooming phase of the study.  There appears to be no change in heart rate 
until day six, when a slight increase in heart rates occurs and continues until day eight (see figure 
7, p. 77). 
  Child #4 
Child number four had only seven of the 12 days’ heart rates collected that were 
consistent and reliable.  Child number four missed day six of the study and also had HR data 
missing for days one and day four.  He started his six days of riding and grooming n day four.  
There does not appear to be any change in his heart rate across the seven days (se figure 8, p. 
79). 
Horse #4 
Horse number 4 had six of 12 days of HR’s collected, five of which were collected 
during the riding and grooming phase of the study.  Heart rates appear to be somewhat consistent 
with those of the child he was paired with, through phase C (see figure 9, p. 79). 
Child #5 
Child #5 had 11 of 12 days of heart rates recorded. Child #5 also missed day six of the 
study, and had heart rate data missing for day three.  Heart rates remained st bl  throughout both 
phases of the intervention with a slight decrease near the end (see figure 10, p. 80). 
Horse #5 
Horse # 5 had seven of the twelve days of heart rates collected.  He demonstrated no 





Figure 6: Child #3 Heart rate means for all 12 days of the intervention.   
Day 1 (D1) is drawing (dr) and writing (wr), day 2 through 7 is riding (r) and grooming (gr).  Day 8 (D8) through day 12 (D12) is 
drawing (dr) and writing (wr).   
 
Figure 7: Heart rate means for five of the 12 days of intervention.   
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Figure 8: Child #4 Heart rate means for 8 of the 12 days of the intervention.   
Day 5 (D5) through 10 is riding  and grooming (gr), days 11 and 12 are drawing (dr) and writing ( r).   
 
 
Figure 9: Horse #4 heart rate means for 7 of the 12 days of the intervention.    
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Figure 10: Daily heart rates for child #5.   





Figure 11: heart rates for horse #5 for 7 of the 12 days of the intervention. 
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Missing Heart Rate Data 
A number of problems occurred with the heart rate (HR) monitors that resulted in 
intermittent collection heart rates for both children and horses.  Initially HR monitors on both 
children and horses did not stay connected to the chest strap used and adjustments were made 
repeatedly to attempt to collect daily records of heart rates.  HR monitors were sensitive to touch 
and children would inadvertently knock them when drawing or when riding and grooming.  
Overall, eight sessions were missing from the HR monitor data from 48 sessions in total (16.7%).  
Child #1 had heart rate information missing for day two, the first day of her ride.  Child #4 had 
missing data from the first four days and day six.  Child #5 had missing data from day six of the 
study.   
As well, having both child and horse HR monitors within proximity to each other caused 
‘cross talk’ that was averted with some assistance from technical support from Polar.  This 
support was inconsistently available throughout the project and contributed to the limi ations of 
what was collected (see limitation and future research sections).  
Salivary Sample Collection  
Children & Horses 
Overall 520 salivary cortisol samples were collected during the study, including baseline 
and follow up samples for all twelve days of the intervention.  Initially some children had 
difficulty ‘spitting’ and providing enough saliva for the samples but quickly learn d how to do 
so.  The same volunteers were used each day to collect samples, to number cryovials, to record 
the date, time and phase of the sample as well as to store them on ice until they were frozen.  All 
cortisol samples were collected for all four horses across the baseline, the twelv  days of the 
study and the follow up phase.  Some additional samples were collected for all horses walking as 
well as resting without contact with the children to compare with phase B samples (resting) and 
phase C samples (grooming and riding).   
 Baseline and follow up levels for each child are provided in graph form.  These rates 
represent morning samples (collected between 7:00 am and 9:00 am), late afternoon samples (the 
same time the intervention was held, 4:30 pm until 6:30 pm) and evening/bedtime samples (7:30 
pm until 9:30 pm) for each child and horse, collected one day per week, for three weeks prior to 
and following the twelve day intervention.     
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Missing Cortisol Data 
There were 10 cortisol samples missing from the 72 baseline and follow up samples 
(14%) that the guardians for all four children collected on their own.   All of the horsbaseline 
and follow up samples were accounted for.   
Child #1 baseline/follow up levels 
Of the nine baseline samples required for child one, only three were collected.  All but
two of her follow up  samples were collected. Samples were collected by guardians. Daily 
patterns are difficult to discern for the baseline samples. Follow up sample patterns suggest there 
is no reliable pattern in the data to compare to study results (see figure 12, p. 83). 
Child # 1 cortisol study levels 
All of Child #1’s study samples were collected.  Samples were collected by research 
team. The phase B, drawing and writing is illustrated in blue and phase C, riding and groomin , 
is illustrated in red. A visual inspection of the graph does indicate a lower compressed group of 
cortisol levels for days two to five in phase C, riding and grooming (see figure 13, p. 83). 
Horse #1 cortisol baseline/follow up levels 
All baseline and follow up samples were collected for this horse. Samples wer coll cted 
by the research team.  The baseline and cortisol results for this horse do not demonstrate a y 
discernible pattern (see figure 14, p. 84).   
Horse #1 cortisol study  levels 
Other than the first day of the riding intervention, cortisol levels appear to be cnsistent 
across the two phases, with slightly lower cortisol results for phase C, riding and grooming, than 
either part of phase B, drawing and writing (see figure 15, p. 84). 
Child # 3 baseline/follow up levels 
Child #3 had two samples missing one baseline sample (B2-1) and one follow up sample 
(F3-2) (see figure 16, p. 86).  
Child # 3 cortisol study levels 
Although the cortisol results appear to be consistent across both phases, the riding and 
grooming portion shown in red does appear to be a little more compressed (see figure 17, p. 86). 
Horse #3 baseline/follow up levels 
All baseline, and follow up samples were collected for this horse (see figure 18, p.87).  
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Horse #3 cortisol study levels 
All study samples were collected for this horse (see figure 19, p. 87). 
Child #4 baseline/follow up data 
All of Child #4’s baseline and follow up data was collected (see figure 20, p. 88). 
Child #4 cortisol study data 
Child # 4 had no missing data on cortisol levels.  However, he failed to participate on one 
day of the study, day 6.  There is suggestive evidence of a decreasing trend in first drawing and 
writing phase B; an increasing trend in the latter portion of the riding and grooming, phase C; 
and then an increasing trend in the second drawing and writing phase B (see figure 21, p. 88).  
Horse #4 baseline/follow up data 
All baseline and follow up samples were collected for this horse (see figure 22, p.89).   
Horse #4 cortisol study data 
This horse appeared to have lower cortisol levels during the first resting phase (B) than 
during the riding and grooming phase(C). Note that there are no levels for day six, the day Child 
#4 missed. His cortisol levels however spiked near the end of phase C and continued to spike in 
the second phase B, while resting (see figure 23, p. 89). 
Child #5 Baseline/follow up data 
All of the baseline and follow up data were collected for Child #5. 
Child #5 had no missing data on cortisol levels, however, he failed to participate on one 
day of the study, day six.  His cortisol levels appear lower and more compressed in th  first 
phase B, than in phase C (see figure 24, p. 90) 
Child #5 cortisol study data. 
 Child #5 had no missing data on cortisol levels.  However, he failed to participate on one 
day of the study, day 6.  There appears to be no change across both B phases and phase C (see 
figure 25, p. 90). 
Horse # 5 baseline/follow up data 
All baseline and follow up samples were collected for this horse (see figure26, p. 91).   
Horse #5 cortisol study data 
Horse # 5 has cortisol levels that appear to be lower during the first phase B, resting than 
during riding and grooming or the second phase B (see figure 27, p. 91). 





Figure 12: Baseline and follow up levels for child #1.  
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Figure 14: Horse #1, both baseline and follow up samples of cortisol for three weeks before and after the intervention.   
Samples were collected three times a day, morning, afternoon and evening. 
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Figure 16: Child #3, both baseline and follow up samples of cortisol for three weeks before and after the intervention.   
Samples were collected three times a day, morning, afternoon and evening. 
 
 
Figure 17: Child #3, cortisol samples for the 12 days of intervention.  
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Figure 18: Horse #3 both baseline and follow up samples of cortisol for 3 weeks before and after the intervention.   
Samples were collected 3 times a day, morning, afternoon and evening. 
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Figure 20: Child #4, both baseline and follow up samples of cortisol for 3 weeks before and after the intervention.   
Samples were collected 3 times a day, morning, afternoon and evening. 
 
 
Figure 21:  Child #4, cortisol samples for the 12 days of intervention. 
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Figure 22:  Horse #4, both baseline and follow up samples of cortisol for 3 weeksbefore and after the intervention.   
Samples were collected 3 times a day, morning, afternoon and evening. 
 
Figure 23:  Horse #4 cortisol samples for the 12 days of intervention.  
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Figure 24: Child #5, both baseline and follow up cortisol levels for 3 weeks before and after the intervention.   
Samples were collected 3 times a day, morning, afternoon and evening. 
 
 
Figure 25:   Child #5, cortisol samples for the 12 days of intervention.  
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Figure 26: Horse #5, both baseline and follow up samples of cortisol for 3 weeks before and after the intervention.   
Samples were collected 3 times a day, morning, afternoon and evening. 
 
Figure 27: Horse #5, cortisol samples for the 12 days of intervention. 
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Data collection resulted in the collection of trait anxiety levels for all children, both 
before and after the full 12 days of intervention (trait) and before and after ech daily 
intervention (state).  There were 520 samples from all children and horses of salivary cortisol, 
limited heart rates for all 12 days of the intervention as well as baseline and follow up samples of 
cortisol.  Missing data prevented the use of all heart rates to compare with cortisol levels.   
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Analysis of Data 
Salivary, heart monitor and behavioral data 
 In this section the analysis of the salivary cortisol data for testing hypot eses #1 and #2 is 
presented.  
Salivary Cortisol Assay Analysis  
Saliva samples were thawed to a maximum of 4 -8 degrees Celsius over eight hours 
before they were tested.   Saliva samples were analyzed using ELISA assay kit  by Dia Metra 
according to the protocol described in the kit.  Kits were shipped from Italy working within a one 
week margin of stabilization for contents before being stored at 4-8 degrees Celsius.   Each kit 
provides 96 sample readings on a micro plate, including seven standards.  Tests were analyzed 
by a doctoral candidate in nuclear and cellular medicine who had access to a micrplate eader.  
Results were reviewed with a certified laboratory technician for accury and to verify 
procedure.   Samples were transported to the laboratory at 4-8 degrees Celsius and kept o  ice 
until processed.  They were systematically divided across baseline, study and follow up samples, 
for both children and horses, and distributed across the 13 plates.  Each sample was tested twic  
for accuracy.  Missing samples were left blank.  Samples were processed according to the Dia 
Metra kit instructions.  Standards were calculated and charted for each plate.  Raw data was 
converted to actual cortisol amounts using a 4 parameter logistical equation in the KC junior 
software in the micro plate reader, as indicated in the Dia Metra Elisa kit instructions. Duplicate 
samples were averaged after completion of the conversion.  Cortisol sample results were then 
charted according to baseline, study and follow up results for each child and horse.  
Reference Values, Accuracy, Specificity and Sensitivity 
The kit provides preliminary guidelines for cortisol values of 3 to 10 nanogram per 
milliliter (ng/ml) in the morning and .6 to 2.5 ng/ml in the evening.  Intra and inter assay 
variation is 7% and 9.3% respectively.  Specificity of the cross reaction of the antibody 
calculated at 50% for cortisol is 100%, with an average of ± 6.3%.  Sensitivity indicates th t the 
lowest detectable concentrations of cortisol that can be distinguished from the zero standard are 




Statistical Analysis of Cortisol Results 
Hypothesis #1: Individual children’s cortisol levels, heart rates, and behaviors will move 
from non-normative to normative levels during grooming and riding. The horses’ cortisol 
levels will fall to rates that indicate a reduction in stress during grooming and riding. 
 
Using the PEM method (Ma, 2006) as follows, the calculations were determined for the 
fluctuations in cortisol levels for the four children and four horses, related to the two phases of 
the intervention, drawing and writing (phases B1,& B2) and riding and grooming ( phase C ).  
The medians, as measures of central tendency, were determined for each phase.  The B1 median 
was used to calculate the number of cortisol results above the median for phase B1.  It was also 
used to calculate the number of cortisol results that fell below that median (the desired effect was 
to lower cortisol levels hence, lower stress) for phase C.  The phase C median was then used to 
determine how many data points or cortisol results fell above that baseline during the final B2 
phase (see Table 1).   
It was hypothesized that there would be a reduction in stress in children and horses 
during riding and grooming, that would result in lower salivary cortisol levels for the riding and 
grooming phase of the study, from normative levels to non-normative levels.  Normative levels 
in healthy children appear to be high in the morning (basal) and slowly decrease throughout the 
day (diurnal).  However, a non-directional hypothesis was tested because a result in either 
direction is important.  The null hypothesis states that 50% of the data points in any phase will 
fall above the median line for that phase, and 50% will fall below the median line for that phase.  
In this case a small effect would be 60% of data points falling below the median for phase C and 
above the median for phase B2.  A moderate effect would be 60%t80% falling below the median 
for phase C and above the median for phase B2, and a large effect would be 80% to 100% below 
the median for phase c and above the median for phase B2. See figure 36, page 101 for results. 
Child #1 
Only Child #1 demonstrated a response consistent with hypothesis #1.  Analysis using the 
PEM method indicated that 67% of the cortisol results in phase c (riding and grooming) fell 
below the median for the first B phase and 75% of the cortisol results were above the phase C 
median for the second phase B.  This represents a small effect for the riding and groomin  
portion of the study and a moderate effect for the second phase B.  This child had learning 
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challenges identified that made the writing and drawing portion of the study frustrating for her, 
and she indicated this daily to the researcher (see figure 28, p. 96). 
 
Horse #1 
Horse #1 did not appear to experience the same kind of changes in cortisol levels that 
Child #1 did.  Analysis using the PEM method indicated that 47% of the cortisol results f ll 
below the median for the first B phase in this case and 75% of the cortisol results were above the 
phase C median for the second phase B.  This represents no effect of the intervention in phase C.  
The changes in the second phase B indicate a rise in cortisol that was moderate (se  figure 29, 
p.96).   
Child #3 
Child #3 demonstrated little change using the PEM method although the graph does 
indicate some compression of cortisol levels from phase to phase.  Analysis using the PEM 
method indicated that 38% of the cortisol results fell below the median for the first B phase in 
phase C (riding and grooming) and 75% of the cortisol results were above the phase C median 
for the second phase B.  This represents no effect from the riding and grooming in terms of 
lowering of cortisol below the median and a moderate effect for the second phase B, with a rise 
in cortisol (see figure 30, p. 97). 
Horse #3 
Of all of the children and horses, Horse #3 appeared to experience the strongest effect.  
Analysis using the PEM method indicated that 92% of the cortisol results fell below the median 
for the first B phase in this case and 94% of the cortisol results were above the phase C median 
for the second phase B.  This represents a strong effect from the riding and grooming in terms of 
lowering of cortisol below the median and a strong effect for the second phase B, with a rise in 


















Figure 28:  Child #1 cortisol levels for phase B (resting), phase C (riding and grooming) and median (from the previous phase).  
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Figure 30: Child #3 cortisol levels for phase B (resting), phase C (riding and grooming) and median (from the previous phase). 
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Child #4 appeared to be least impacted by the riding grooming phase of the study. The 
PEM method indicated that 17% of the cortisol results fell below the median for the fist B phase 
in this case and 38% of the cortisol results were above the phase C median for the second phase 
B.  This represents no effect from the riding and grooming on lowering of cortisol below the 
median and no effect for the second phase B on lowering cortisol. This child appeared to have a 
more positive response to drawing and writing.  He missed day six of the study and had 
interference from the father in the remaining days of the study (see figur 32, p.99).   
Horse #4 
This horse appeared to be the least responsive to the interaction with a child.  He 
demonstrated little change using the PEM method although the graph does indicate some change 
from phase to phase.  Analysis using the PEM method indicated that 13% of the cortisol results 
fell below the median for the first B phase and 50% of the cortisol results were abov the phase 
C median for the second phase B.  This represents no lowering of cortisol from the riding and 
grooming below the median and no effect for drawing and writing in the second phase B.  He did 
see a compression of cortisol levels during riding compared to the second phase B.  This horse 
had a history of abuse (see figure 33, p. 99).   
Child #5 
This child appeared to have minimal responsive to the interaction with a horse.  Analysis 
using the PEM method indicated that 29% of the cortisol results fell below the median for the
first B phase and 75% of the cortisol results were above the phase C median for the second phase 
B.  There was no lowering of cortisol from the riding and grooming below the median and a 
moderate effect on cortisol in the second phase B. This child missed day six of the study and had 
interference from the father in the remaining days of the study (see figur 34, p. 100).    
Horse #5 
This horse appeared to have a similar response to the child he had an interaction with.  
Analysis using the PEM method indicated that 17% of the cortisol results fell below the median 
for the first B phase in this case and 75% of the cortisol results were above the phase C median 
for the second phase B.  This represents no effect from the riding and grooming in terms of 
lowering of cortisol below the median and a moderate effect with a rise in cort sol for the second 




Figure 32: Child #4 cortisol levels for phase B (drawing and writing) and Phase C (riding and grooming) and median.  
Missing data from day 6 shown as zero. 
 
 
Figure 33:  Horse #4 cortisol levels for phase B (resting), phase C (riding and grooming) and median.  
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Figure 34: Child #5 cortisol levels for phase B (resting), phase C (riding and grooming) and median.  
Missing data from day 6 shown as zero. 
 
Figure 35: Horse #5 cortisol levels for phase B (resting), phase C (riding and grooming) and median.  
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Figure 36: Table of child/horse pair cortisol levels phases B & C 
 










Child #1 B1 4.06 4.06 above 2/4 50% 
 C 3.09 4.06 below 16/24 67% 
 B2 4.34 3.09 above 14/20 70% 
      
Horse #1 B1 2.46 2.46 above 2/4 50% 
 C 2.69 2.46 below 11/24 46% 
 B2 4.45 2.69 above 15/20 75% 
      
Child #3 B1 2.95 2.95 above 4/8 50% 
 C 3.35 2.95 below 9/24 38% 
 B2 4.63 3.35 above 12/16 75% 
      
Horse #3 B1 4.15 4.15 above 4/8 50% 
 C 2.40 4.15 below 22/24 92% 
 B2 3.48 2.40 above 15/16 94% 
      
Child #4 B1 2.85 2.85 above 6/12 50% 
 C 4.53 2.85 below 4/24 17% 
 B2 4.14 4.53 above 3/8 38% 
      
Horse #4 B1 1.43 1.43 above 5/12 42% 
 C 2.06 1.43 below 3/24 13% 
 B2 2.02 2.06 above 4/8 50% 
      
Child #5 B1 2.71 2.71 above 8/16 50% 
 C 4.14 2.71 below 7/24 29% 
 B2 5.62 4.14 above 3/4 75% 
      
Horse #5 B1 2.40 2.40 above 8/16 50% 
 C 4.30 2.40 below 6/24 17% 




Random Effects Model Meta-Analysis of Single System Designs 
Hypothesis #2: After ongoing interaction between traumatized children and therapeutic 
riding horses, both the children’s and the horses’ heart and cortisol levels will fluctuate 
in tandem. 
A meta-analytic technique was used to estimate the mean cross-correlati n between 
child/horse cortisol levels during the riding phase.  This meta-analytic technique has been 
described by (Field, 2001).   This method is a random effects model for doing a meta-analysis of 
correlations (Hunter & Schmidt, 2001).  It is designed to take into account sampling error 
associated with the numbers of observations for each child, as well as sampling error associated 
with the sample of four child/horse pairs.  It is a more conservative approach than a fixed effects 
analysis method, which takes into account only the first of these levels of sampling variability.  
In addition, graphs of moving averages (four point) or ‘smoothing out’ of the data are used to 
compare both horse and child cortisol levels across the twelve days of the intervention.   
A lag-zero cross correlation was calculated for each child/horse pair.  Then, following the 
method described by (Field, 2001)), the weighted mean cross-correlation for the four child/horse 
pairs was calculated, along with the standard error of this sample mean cross-correlation.  A Z-
test of the mean cross-correlation was conducted, and a 95% confidence interval for the mean 
cross-correlation computed.  The cross-correlations for each child/horse pair are shown in Table 
2. 
The weighted mean cross-correlation was .18, Z = 2.14, p < .05, with an approximate 
95% confidence interval of .18 +/- (1.96*.084), or .015 to .34.   This positive mean cross-
correlation was consistent with the research hypothesis that the child and horse cortisol levels 
will move in tandem.  Inclusion of figures 37-40 that provide a moving average of cortisol levels, 
comparing each child horse pair, provide an opportunity to ‘smooth out’ the data.  In this case a 
four point moving average was used.  This meant that samples one through four were averaged, 





Figure 37: cortisol pattern for both child and horse #1 across both phase B (drawing and writing) and phase C (riding and 
grooming) 


















Child and Horse #1 moving average 



















Child and Horse #3 moving averages 





Figure 39: cortisol pattern for both child and horse #4 across both phase B (drawing and writing) and phase C (riding and grooming) 
 



















Child and Horse #4 moving average 

















Child and Horse #5 moving average 





   
 




























Cross Correlation and Autocorrelation 
Estimates of cross correlations can be biased by autocorrelation in time seres (Chatfield, 
2004; Nugent, in press).  It has been recommended that time series data have autocorrelati n 
removed prior to computing estimated cross-correlations, a process referred to as “whitening” or 
“pre-whitening” the time series (Chatfield, 2004; reference is Chatfield, C.  (2004). The analysis 
of time series, sixth ed..  New York: Chapman & Hall.).  Briefly, this is done by first identifying 
autocorrelation patterns in the time series using the autocorrelation and partial autocorrelation 
functions.  The autocorrelation is modeled, using Autoregressive Integrated Moving Average, or 
ARIMA, methods (Nugent, in press), and the residuals from the ARIMA model tested for 
autocorrelation.  Once a model is identified that produces residuals with no autocorrelation, the 
residual time series is used to estimate the cross correlation.  The whitened t me series for a 
child’s cortisol level can be thought of as the cortisol level with autocorrelation removed.  The 
meta-analytic method described above is then applied to the cross correlations estimated from 
the time series with autocorrelation removed.  Table 3 below shows the results using this analytic 
methodology. 
The weighted mean cross correlation, controlling for autocorrelation, was .23, Z = 3.03, 
approximate 95% confidence interval .23 +/- (1.96*.076) or .08 to .38.  These autocorrelation 


































Overall, there appeared to be a slight change in cortisol levels over the six day  of riding 
and grooming for all children and horses; some increased and some decreased.  Child #1 and 
Horse #3 three appeared to experience some change worth noting.  Horse #3 demonstrated the 
most change from the interaction with a strong decrease of cortisol in the riding and grooming 
phase (94%) and a strong increase in the resting phase that followed (92%).  Child #3 and Horse 
#3 appeared to have the highest correlation of cortisol results (.447).   
Statistical analysis of the data indicates that cortisol levels were lower for Child #1 (67%) 
during phase C, the riding and grooming phase with a mild increase in the drawing and writing 
phase that followed (70%).  There were minimal increases in cortisol during phase C, riding and 
grooming, for Child #3 and Child #5.  There were similarly minimal decreases for Horse #1 and 
number five.  Both Child #3 and number five had mild to moderate increases in cortisol in the 
final drawing and writing phase B (75%). Speculation on why the cortisol increased after riding 
and grooming for a number of child and horse participants is discussed in the following sect on.  
Child #4 appeared to have lower cortisol levels in phase B, the drawing and writingphases (50% 
and 38% respectively) than phase C, the riding and grooming phases (17%).  Horse #4 had 
similar changes, with no lowering of cortisol while being ridden and being groomed (13%) and 








This study had two hypotheses; to determine if stress levels measured with cortisol, heart 
rates and self report anxiety in children and cortisol and heart rates in horses wuld drop as they 
interacted together in a therapeutic riding program, and also to determine if cortisol levels would 
drop in tandem during that interaction, over six days of riding and grooming.  The findings of 
these small case studies suggest that equine assisted therapy for children who have experienced 
trauma requires further investigation.  For some of the children and horses in thee eight studies 
there appeared to be minimal change in cortisol rates and self report anxiety levels during the 
riding and grooming phase. For one child and one horse, mild changes suggest a trend and the 
need to revise the current design for further research.  It is useful to discuss the re ults of the data 
that were collected, look at how it may be/not be consistent with current research, and the 
implications of the study for current theory.  It is also useful to make some recommendations for 
future research as well as discuss the limitations of the study.   
 Self report anxiety inventories at the trait level (self reports completed before and after 
the 12 day study) indicated that the grooming and riding appeared to have a mild impact for child 
number one more so than it did for the rest of the children.  This change was also seen in the 
analysis of her cortisol levels during the riding and grooming phase of the study. Although this 
does not establish inference, it may provide some clues for further research. All three of the 
remaining children in the studies did not demonstrate any significant change at the tr it level 
over the 12 days they participated in the interventions.    
With respect to the measurement of heart rates in each of the eight case studies, the 
results were inconsistent across the 12 days of the study.  Consequently this data could not be 
used to corroborate or correlate with cortisol results for all eight participants. Future analysis of 
data that was collected could prove useful in analyzing one or two of the single case designs.   
Cortisol results suggest that there were changes for some participants over phas  C, the 
six days of riding and grooming and not for others.  The most interesting result was the increase 
of cortisol levels in the final phase B.  There are a number of ways to explain the increase in 
cortisol for most of the children in the final B phase of drawing and writing.  Low cortisol levels 
in the first drawing and writing phase of the study (phase B1) may be a result of anticipation of 
something positive (riding and grooming, phase C) that lowers cortisol levels in the riding and 
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grooming stage.    It may also follow that there are cortisol increases in the las  phase of drawing 
and writing (phase B2) because the anticipated riding is complete and the childr n may be 
frustrated and/or disappointed that they must return to drawing and writing.  This of course 
assumes that the children want to ride. Child number one did indicate that she was upset that sh  
had to draw pictures and write stories when other were riding (she completed her six days of 
riding first).  Conversely, child number four appeared to enjoy the drawing and phases (B) and 
did not appear to demonstrate a drop in cortisol levels during the riding and grooming phase (C). 
His cortisol rate did not go up in the second phase B.  Additionally there could be a lag effect of 
the child/horse interaction that emerges in the last drawing and writing phase, or in the case of 
child number four and number five, drawing and writing might be more stress reducing for them 
than spending time with the horse.  Riding could be frightening in ways for children who find the 
size and movements of a horse overwhelming.  Loss of control over their lives or their 
environment may make children fear losing control of a large and powerful animal, and less 
likely to trust them.   The role of child temperament may also be a factor as well as whether the 
child externalizes or internalizes in their response to environmental stressors, how hyper vigilant 
or dissociative they are regarding impending danger as a consequence of experiencing PTSD or 
how fearful they are of novel experiences.  Finally, neurophysiological mechanisms (reactivity 
and regulation) can cause cortisol levels to peak or drop immediately after an environmental 
stressor is experienced and then adaptation can regulate them up or down again (Willoughby, 
Vandergrift, Blair & Granger, 2007).  This mechanism may play a part in how cortisol routinely 
increased in these studies from phase C, the riding and grooming to the final phase B, drawing 
and writing.   
The changes in the horse’s cortisol levels for the final phase B (resting) may not be 
explained in the same way.  Horses had cortisol levels measured during this phase while resting 
in their stalls in the barn.  Resting in the stalls may or may not be stressful for horses for a variety 
of reasons.  Spending time in their stalls may not be as restful as spending time outside with their 
paddock mates.  Horses may not find the activity in the barn or being locked up restful.  
Measuring cortisol while horses were outside was not possible in this study because they needed 
to go without eating for 30 minutes before samples were collected.  One horse in particular, 
horse number three found the interaction with child number three moderately relaxing and there 
was also a significant increase in his cortisol levels while he was resting in his stall.  All of this 
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data suggests that further research may need to be done to determine how horses respond to 
interaction with humans in a variety of different capacities.   
The measure of association in the child/horse pairs in these case studies appeared to 
support the hypothesis that there were mild changes in tandem in some child/horse pairs but the 
small sample and limited time series are cause for caution regarding any inference that we would 
see this with a larger sample.  Overall the weighted mean (.23) and the Z statistic (3.03, p <.05) 
indicated that there was a very mild symmetry collectively between the child horse pairs.  This 
could be random, the result of the short period of time the pairs spent together, or a product of 
child horse matching.   In the correlational data analysis, it was determined that only one child’s 
time series of data (child number five) experienced autocorrelation, as did one of the h rse’s 
(horse number three).   
One would expect to see no reaction in cortisol levels or a minimal reaction between 
children experiencing PTSD and the horses they ride for only 6 days.   The changes observed 
between the drawing and writing (phase B1) and the riding and grooming (phase C) nd back 
again (phase B2) may rely on how comfortable children are drawing pictures and writing stories, 
whether they have learning challenges that frustrate them in that regard as well as how frustrated 
they are by having to stop the daily riding experience, and what impact exercis  has on cortisol 
levels.  It may also rely on the history and experience of the horses, how stressful he barn and 
participating in the program is, and what impact exercise of any kind has on lowering cortisol 
levels.  This is an exploratory investigation designed to establish some parameters for further 
research regarding dosage, intensity, and rigor.  It is useful to consider thes  findings in light of 
the other research that has been done in cortisol collection in human animal research.   
Consistency of Results with Past Research 
Only four other studies were located that looked at the hormone response in human 
animal interaction.  They did not look at stress or the role of cortisol in that regard, but were 
focused on social bonding hormones and neuro mechanisms such as oxytocin, vasopressin, 
insulin and dopamine (Miller, Kennedy, Devoe, Hickey, Nelson & Kogan, 2009; Odendaal & 
Lehmann, 2000; Odendaal & Meintjes, 2003; Uvnas-Moberg, 2009).  None of these studies 
looked at the interaction between horses and traumatized children.  Odendaal & Lehmann (2000) 
found that concentrations of phenylacetic acid (PAA) increased in adult human/dog interact ons.  
PAA is an amphetamine related molecule that appears to play a role in attention and affiliation.  
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Current research speculates that this molecule could play a role in the reward systems of the 
brain (Comings & Blum, 2000).  Odendaal & Lehmann’s assertion that this molecule could play 
a role in human animal interaction is not clearly defined in this study and there has ben no 
replication of this research.  Odendaal & Meintjes (2003) found in another study, which included 
collection of cortisol that a number of neuro chemicals changed during an exchange betwe n 
human adults and dogs.  They cite the reduction of cortisol in the human after 25 minutes of 
petting of the dog, with no reciprocal or corresponding drop in cortisol in the dogs. They 
rationalize this lack of response as a result of the excitement the dogs experienced interacting 
with the humans.  Both of these studies have touched on interesting findings but they do little to 
shed light on the reduction of cortisol in children and the developmental impact this might have 
on neurobiology in traumatized children specifically.   
Miller at al. (2009) have recently looked at the role of oxytocin in human animal 
interaction that was similar to the study done by Odendaal & Meintjes (2003).   They again 
studied adults and found a significant gender difference in the oxytocin response of adult
participants to the petting of dogs.  In this case, women appeared to respond with increased 
oxytocin levels but men did not.  Finally, Uvnas- Moberg (2009) has recently looked at the 
interaction between adult humans and dogs, measuring oxytocin, insulin and cortisol levels, as 
well as heart rates.  She found both dogs and owners were positively influenced by the 
interaction and particularly found a correlation between oxytocin in both the dogs and the 
humans.  
  It is clear that measuring neuro chemicals can be useful in determining how the 
interaction is impacting both children and animals. In these research studies by Odendaal, Miller 
& Uvnas-Moberg, serum samples were used in collection of data.  The case studies discus ed in 
this dissertation used saliva samples because they were non-invasive and would not compr mise 
measuring reductions in stress by creating more stress for children and horses, through the use of 
venipuncture (needles).  Current research that identifies additional non-invasive collection of 
biomarkers or new technology is lacking.  Lewis and colleagues (2009) have utilizd EEG 
technology to measure event related potentials (ERP) for task performance in brain activity, 
which provides an exciting new avenue.  Currently however, these brain imaging tech ologies 
require stationary measurement and are not useful for field studies.    
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The literature that discusses equine cortisol levels suggests that they may be useful in 
measuring stress levels but there are questions about the accuracy.  Pell & McGreevy (1999) 
indicated that salivary cortisol levels exceeded serum cortisol levels and as a consequence 
declared that salivary cortisol collection was not reliable.  In this study they sequenced the 
collection of salivary samples after the collection of serum samples.   Using venipuncture first 
may have contributed to the differences.  Previous studies (McGreevy & Nicol, 1995) indicated 
no differences between serum and salivary collection of cortisol.  Van der Kolk and colleagues 
(2001) found a correlation coefficient (r=.93) that suggested a strong relationship between serum 
and salivary samples of cortisol in horses.    
All of the research is suggesting that the measurement of cortisol can be useful as a 
benchmark for stress.  The results of these eight case studies are inconclusive.  They may 
represent a trend that requires further exploration.  Understanding the implications they might 
have for current theory is useful.  
Implications of the Study for Current Theory 
   Cortisol levels are often irregular in children who have experienced PTSD although this 
is not always the case. Studies indicate that predictability regarding patterns of cortisol in PTSD 
is inconclusive (Gunnar, 2001; Yehuda, 2006). They also indicate that cortisol rates are usually 
within normal ranges and are not necessarily indicative of an impaired endocrinal system 
(Yehuda, 2006).  Yehuda states that cortisol may not be useful as a diagnostic marker for PTSD 
but it can be useful to “examine the hormonal responses to environment, neurochemical 
provocation or in response to treatment” (p.141).  Further there is a suggestion that some 
differences in cortisol levels in PTSD could be related to pre-existing conditions that intensify 
vulnerability to trauma exposure in the first place.  Increases in cortisol are usually accompanied 
by increases in pulse rates as well (Uvnas-Moberg, 1997). These small case studie appear to 
support these theories in limited ways. All of the children appeared to have normal basal/diurnal 
patterns of cortisol in their baseline samples.  Although heart rate data collection was 
inconsistent, there did appear visually to be some consistency between heart rates nd cortisol 
rates in those case studies where enough data was collected.  Actual graphed comparisons were 
not done because of the inconsistency in the data.  Further, the minimal effect that the interaction 
had over the six days of riding and grooming appears to support the increased hypervigilance and 
fear of novel situations that often characterizes trauma responses in children.  Understanding the 
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underlying mechanisms in this fear and hypervigilant response may assist in designing 
interventions that target specific children with specific dosages of animal assisted interventions.  
It may also assist in choosing which animal might best serve the purpose.   
The developmental neurobiological research indicates that sensitivity in the HPA axis is 
subsequent to experiences of stress, affecting neuron-chemical processes and ultim tely 
impacting the development of epicentres in the brain (Kramer, 1993; Lewis, 2005b; Nelson, 
2000; Putnam, 2005). The role of the orbitofrontal cortex (OFC) in all of this is pivotal – it is on 
alert (hypervigilant) focusing the individual’s attention on the potential for harm. This results in 
a ‘consolidation of habits’ or ‘emotional interpretation’ identified by Lewis and Todd (2007) that 
creates a propensity for anxiety.  Finding approaches to human animal research that can 
minimize this fear and hyper vigilance is important.  Some recommendations followin the 
section on future research directions. 
Exposure to trauma at various stages in childhood can skew, inhibit or alter processes of 
development that have a lifetime of consequences. Perry (2002) notes, ‘… the longer the 
child was in the adverse environment – the earlier and more pervasive the neglect – the more 
indelible and pervasive the deficits’ (p. 92). He states that recovery is possible and echoes the 
sentiments of Van der Kolk (2003) regarding the use of touch, nurturing and social interaction as 
useful intervention techniques. This would probably require to a time span that is longer than the 
one used in the current study.   Attachment plays an important role in this regard.  Perhaps 
children need the opportunity to develop social bonding with horses for the interaction to impact 
cortisol levels in any significant way. 
Helping children reach a ‘physiologic state’ in which they can consider new possibilitie  
is important – soothing, holding rocking, creating safety are examples of behaviours that move 
children to this place (Perry, 2002, 2006; Van der Kolk, 2003). The use of animals with children 
is becoming increasingly popular in this regard. The extent to which neurobiological 
development is enhanced by a supportive and enriched environment, and what windows of 
vulnerability afford an opportunity for intervention is becoming clearer (Lewis & Todd, 2007; 
Putnam, 2005; Van der Kolk, 2003). Enriched and challenging environments impact aspects of 
development in infants and young animals as well; exposure to stimulating contexts appears to 
be prophylactic (Johnson, 2000; Nelson, 2000). Children might naturally seek affiliative 
relationships that are rewarding in this way. The children in these studies were eag  to spend 
more time with horses and some expressed their frustration with the drawing and writing part of 
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the study.  This is not to say that animals are a panacea in this regard but in certain circumstances 
it is useful to continue to explore if they might be useful in therapeutic ways. 
Phillips (2003) talks about the role of oxytocin and vasopressin in the brain systems 
focused on liking, and dopamine in the brain system focused on wanting, and there inevitable 
connection to pleasure. Seeking behaviour would be indicative of the need humans and animals 
have for a tactile interaction with each other that appears to be related to pleasure. Finding ways 
to non- invasively measure these processes, such as collecting other neuro hormones non-
invasively, in children experiencing PTSD, and the animals they work with, can provide insight
into these processes. 
The response of the horses indicates that more effort needs to be put into measuring stress 
levels in horses in therapeutic riding programs.  One of these studies indicated that the horse had 
strong reductions in cortisol during the interaction, with strong increases in stress du ing the 
following resting period.  This might be a product of matching between this child and horse or 
indicative of how well suited this horse is to the task at hand.  It may also speak to the horse’s 
enthusiasm to participate in his current work.  Horses that experienced no response or an adverse 
reaction (increased levels of cortisol) might require a break or retirement from he work.  Kaiser 
et al (2006) found no difference in stress levels in therapeutic riding horses than recreationally 
ridden horses.  They looked specifically at stress related behaviors but did not collect cortisol to 
compare the observations with.  In one child/horse case study discussed here behavior of the 
horse or his heart rate was not indicative of cortisol levels.  The literature in non-human animal 
collection of cortisol is inconclusive about what cortisol represents in relationship to stress level 
in the animal.   
 Equine assisted interventions (EAIs) offer a unique approach in that they provide body to 
body contact, mastery in the handling of a large animal as well as a challenging interaction in an 
enriched rural environment. Therapeutic riding programs have demonstrated effectiveness 
increasing children’s self-esteem and self-confidence (Cawley, Cawley, & Retter, 1994; Taylor, 
2001), reducing acting out behaviour in adolescents (Ewing, MacDonald, Taylor, & Bowers, 
2007; Mallon,1992; Trotter, 2006) and anger in boys (Kaiser et al., 2006), providing an 
alternative for trauma recovery for both adults and children (Schultz, Remick-Barlow & 
Robbins, 2007; Yorke, 2003; Yorke, Adams, & Coady, 2008) and serving as a conduit for other 
therapies (Brooks, 2006; Taylor, 2001; Trotter, 2006; Tyler, 1994). It may be that the equine–
human relationship is an essential part of why equine-assisted therapy is effect ve. Whether EAIs 
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offer ways to provide the key ingredients that alter neurophysiological responses and establish 
new neuronal pathways that can contribute to sustained healing, healthy attachment in 
relationships and general well-being, remains to be seen (Curtis & Cicchetti, 2003; Odendaal, 
1999, 2000; Perry, 2006; Yasko, 1985). Adult participants in one study indicated that their 
relationship with their horse was soothing(Yorke, Adams & Coady, 2008).  Such interventions 
may be especially useful for traumatized children who are neuro-physiologically dysregulated, 
providing an attunement with another being that soothes through touch, proximity and the 
development of trust.  These small studies contribute to the current literature on equine assisted 
interventions in that they demonstrate a mild effect on cortisol levels for one child and a minimal 
correlation between the child horse pairs.  Some recommendations regarding future resea ch may 
help to identify how these small studies can contribute to future efforts.  
Future Research Recommendations 
These case studies have provided an opportunity to look closely at the interaction 
between traumatized children and horses.  Future research in this area could include combining 
the non-invasive collection of other bio markers with cortisol or the use of technology such as 
EEGs, PET scans or fMRI’s, if portable devices become available.  As well, designs that allow 
for a prolonged period for the establishment of safety and comfort with the animal for the 
children may alter cortisol and other physiological responses.  For example, if children get to 
know the horse for a few weeks before they participate in the riding therapy, this may dispel 
some fears and hyper vigilance, allowing a period of adaptation that removes the novelty of th  
circumstance at the time of the intervention.   
Future research should utilize anxiety measures that are internally consistent and valid, 
specifically for the use with children.  The measure should be designed for daily use and address 
the challenge of test fatigue as well as a broad scale that measures both pre and ost levels of 
stress, anxiety, and happiness.  
Dosage, or the length of time that children ride is another factor.  Looking at the changes 
in cortisol and heart rate over two weeks of riding, or weekly riding over 12 to 24 weeks might 
provide a different perspective on how EAI’s  impact some children.   
Finally, comparing riding and grooming to other physical activities for both horse and 
rider would be useful.  Drawing and writing was used in these case studies to provide a safe and 
creative alternative for children and resting in a stall might be considered comparatively relaxing 
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or conversely stressful for horses. A closer look at the children and horses’ responses reveals that 
writing and drawing was not a positive experience for one child.  Some horses appeared to 
respond to the activity in the barn around them in ways (heart rates and cortisol levels) that 
suggest there was some stress associated with resting in their stalls.  For example, when 
collecting saliva samples during the phase B resting period for horse number four, very time his 
stall door opened his heart rate doubled.  It might be useful to use an exercise program like yoga 
or a massage/play exercise for horses (Tellington-Jones,1995) or children (Theraplay) that is 
designed to reduce stress, as a viable comparison to therapeutic riding.     
  Implications for Work in CAMS 
This is the first attempt to measure the impact of EAI’s specifically, using biological 
markers. It is also the first attempt to biologically measure the impact animal assisted therapy has 
on traumatized children as well as the horses they interact with in the therapeutic riding program.  
This is an important step towards quantifying the use of EAI.  As a CAM, human animal 
interaction provides an environmentally friendly approach to working with children.  They not 
only provide a novel activity but they also provide an interactive experience offered in a rural 
context.   
Implications for Social Work Practice 
Evidence based approaches in social work require empirical support for the use of 
specific modalities if they are to be regularly recommended to parents and other professionals 
when working with traumatized children who have been diagnosed with PTSD.  A profession 
that grounds itself in the ‘person-in-environment’ perspective and has a foothold in child welfare 
is well situated to have a pivotal role in research and the provision of relationship-based 
treatment (Bartlett, 1958; Germain, 1981; Germain & Gitterman, 1980; Minihan, 1981; Siporin, 
1980, 1983).  Consistent with this social work has begun to integrate the use of CAMs into its 
research and treatment protocol.  
These case studies demonstrate the diversity in responses that children may have to t is 
kind of intervention.   Children’s responses are not the only variable – setting, dosage (length of 
the ride, amount of time spent riding over days, weeks or months), access to trained equine 
professionals, therapeutic riding coaches and volunteers, as well as good matches with well cared 
for horses who are enthusiastic about their work are all issues that affect outcomes. The gender 
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of coaches and volunteers working with children or horses who have experienced violence at the 
hands of one gender or another, is also a factor.  
  Therapeutic riding programs differ in how they provide services to their populations.  
Work with children who have been traumatized may require the addition of equine assisted 
psychotherapy (EAP), to lend structure and focused outcome planning to the healingprocess.  
Equine psychotherapy combines therapeutic riding techniques with clinical skills that is short 
term and collaborative (Schultz, Remick-Barlow & Robbins, 2007).  Schultz and colleagues 
(2007) found that EAP was useful for children who had experienced violence as a relationship 
building effort.  Family members may be included.  They found a statistically significant 
improvement in functioning for children who had experienced physical abuse and neglect, 
although they did not find this in the overall sample of children who had experienced violence.  
In particular they found improvement in children whose parents had substance abuse problems.  
They also found some minimal improvement in children who had experienced sexual abuse but it 
was not statistically significant.  Not all programs have the training or expertise to provide 
equine assisted psychotherapy.  Certification programs are available for c inical staff to work in 
these modalities but they are currently expensive and the rigor and effectiven ss of these 
approaches have yet to be researched.  
EAIs are therefore not a panacea that can be used with every child who has experienced 
trauma.  Those children who have been assessed with PTSD may experience the kinds of 
hypervigilance and fear of novelty that the literature in human (Cicchetti & Rogosch, 2001b) and 
animal studies demonstrates (Meaney, Aitken, Bodnoff, Iny, & Sopolsky, 1985).  Social and 
emotional stimuli are often triggers of cortisol responses.  Social workers should approach 
equine assisted activities with caution.  Anxiety or depression are common in trauma survivors 
and working around large animals may provoke responses that exacerbate these issues.  Children 
who are assessed as having severe PTSD or have other behavioral concerns (acting out) may not 
do well in equine assisted activities or therapies.  Sudden movements and loud noises can be 
disturbing to the animals  
 Social workers need to consider EAIs for some children in conjunction with other 
approaches, carefully assess their compatibility with these programs and work with equine 
assisted programs to develop viable and concrete expectations and outcomes if this approach is 
to benefit the child.   
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Finally, these programs may be difficult to access for some families especially if 
transportation or financial resources are prohibitive factors.  This study did not utilize a group 
model however, providing EAI in groups is more affordable and may allow for group 
transportation efforts by child welfare agencies that would make them more accessible. 
Limitations 
Careful examination of the data collected for this study indicates that for cortisol levels in 
particular, the null hypotheses were rejected however the changes observed were small.  This 
could be the result of a number of factors, including methodological limitations such a design, 
the sample, the length of time the intervention ran, the equipment used as well as the personnel 
who participated.       
Methodological Limitations 
Design 
Single system design was a useful approach in this study given the capacity to explore the 
child horse interactive process in detail as well as the prohibitive limitations of costs when 
collecting and processing biological samples. It was a correlational design that was useful for 
exploring the synchronicity in the child horse pairs but in the case of these four child horse pair  
studies, was limited in its ability to establish cause and effect.  It is not an experimental design, 
however, this study may provide important information for future experimental group designs 
given the costs of biological research. As well, it may be useful to re-organize the sequence of 
the design to include the alternate intervention once and pre post the grooming and riding po tio  
around it.  This would allow for longer riding sessions for participants and provide longer time 
series data.  In addition this design compared periods of activity with periods of non-activity.  It 
might have been useful to have children and horses active during the B phase and compare the 
changes during those alternate activities with the cortisol changes demonstrated when they were 
active together.  Some cortisol data was collected with horses walking in addition to resting but 
small sample sizes make it difficult to determine any substantial differenc s.  
Finally, these case studies provided an opportunity to look at the impact of equine 
assisted activities over a short intensive period of time.  It is difficult to anticipate from this 
design what changes or if there are any long term changes from this intervention.  It might be 




Sampling was purposive given the criteria for inclusion, the fact that the study was 
exploratory and the proximity to the farm.  This approach to sampling however, exclud s 
potential participants.  Local provincial welfare authorities declined to participa e in referrals so 
children with more chronic trauma experience were excluded from the study.   The sample in this 
study was small and as a consequence of the design, the time series data was short.  Recruiting 
participants from families who have experienced domestic violence is difficult on a number of 
levels.  Children were attracted to the idea of riding a horse but single guardians struggled with 
transportation issues and interference from abusive spouses.  A larger sample with more diversity 
would improve effect size and analysis of the data.  The use of two participants who were 
siblings made it difficult to determine the impact of outside influences on cortisol results in those 
cases (absence from the study for a day and the presence of their father one day f the study).   
Accessibility to the farm was another factor that impacted sampling.  Transportation can be 
difficult for single guardians with economic limitations or lack of access to a car. Future research 
could include transportation if funding was available.   
Time 
The length of the study limited the options for analysis of the time series data.  It might 
be useful in future research to consider making the riding and grooming portion of the study 
longer and the alternative task shorter.  Also, data collection in this study was challenging in a 
number of ways.  The actual intervention required the participation of 8 volunteers and the 
researcher to accurately collect all of the psychometric questionnaires, heart rate and saliva 
samples.  Even with training, the function of the equipment by volunteers was not always
reliable.  The results of this study were also hampered by the collection of speci ic data, baseline 
samples and heart rate monitor data.  One of the participants did not collect baseline samples as 
instructed, resulting in unreliable data.  Although all other baseline samples wer  collected as per 
instructions, the lack of data in one case warrants a review of protocol for future refer nce.  
Protocol included a weekly call on the day of saliva collection to guardians of participan s to 
insure that samples were collected and to answer any questions that arose.  Detail d instructions 
were given to guardians and written instructions were provided with each sample kit (see 
appendix V). Although all guardians indicated that the samples were being collected as outlined 
in the protocol, one participant neglected to do so in the designated way.  In future, it would be 
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useful to have all baseline samples for the day brought to a central location near the intervention 
site.  This would allow the researcher to insure that all baseline samples were coll cted 
adequately.  If guardians had difficulty collecting samples that day, an additional opportunity 
could be provided, without forfeiture of participation in the intervention.  As well, access to a 
laboratory to process baseline samples immediately would allow for successf l collection of 
data. 
Equipment 
Heart rate monitors were also a challenge, particularly those used to collect data from the 
horses.  Newer, more expensive models of heart rate monitors offered more reliabl ways of 
collecting data.  The actual sensors were difficult to utilize, needing conductive gel and specific 
placement under equipment to have them work consistently.  Slippage during riding caused the 
monitors to stop working for horses.  The wires used on these older models got caught on things 
and in one instance, the monitor broke.  This limited the number of heart rates that could be 
collected throughout the study. Children’s heart rate monitors posed a problem as well.  If th  
child knocked the monitor against a desk or the horse it would sometimes cause it to stop or to 
revert to lap time collection.  This meant that not all heart rate data was consi tently collected for 
children either. In addition, heart rate monitors used for both children and horses would on 
occasion ‘cross talk’, which made the collection of some heart rate data unreliable and 
inconsistent.  
Future data collection requires the use of more contemporary models that allow for the 
collection of heart rate data in real time.  In addition additional training with the technology is 
required to ensure that software concerns are addressed, heart rate monitors c llect data from 
both children and horses separately in a reliable way and that the most efficient models available 
are used for both horses and children.   
Personnel 
The use of a male coach for the six days of riding intervention may have played a rol  in 
cortisol levels.  It is acknowledged that all of these children had experienced male violence 
before their involvement in counseling or shelter services.  Tracking the impact of gender in 
coaching therapeutic riding during research studies or pairing coaches with equine




 Due to the low test-retest reliability for both the STAIC-State and Traittests for both 
males and females, the results of the anxiety inventory scales should be interpreted with caution.  
Spielberger (2008) indicates that this is because the scales are designe  to be sensitive to 
situational factors but acknowledges that they are not as stable and internally co sistent as the 
adult measure.  Foa and colleagues (2001) did not appear to measure dissociation in the CPSS so
an additional or alternate tool might be useful for screening for post traumatic stress disorder.   
Conclusion 
If human animal relationships are to be considered affective tools for intervening in stress 
or trauma responses in children, the role they play in activating pleasure and reward c nte s in 
the developing brain is the key to understanding how. The role that attachment plays in infant 
and consequently childhood cortical development is clear from the research discussed here. The 
research indicates that the role that human–animal attachment can play in cortical development 
relies on the length and intensity of the relationship as well as the capacity of the animal to be 
responsive. Children who swim with dolphins from a very early age may form different 
relationships from those who are interacting with the large friendly family dog from birth. Some 
research suggests that attachment to animals plays an important role. Synergistic effect of 
animal–child interaction in the development of empathy later in life (Daly & Morton, 2006; 
Melson, Peet, & Sparks, 1992). Melson (2003) contends that ‘children may cast their pets as 
functional younger siblings, as peer playmates, as their own “children” or even as a security-
providing attachment figure’ (p. 37). If human–animal relationships provide infants and children 
with highly interactive and responsive interactions that are consistent, non-judgmental and hence 
rewarding, it is worthwhile exploring the clinical potential they have for augmenting cognitive 
behaviour approaches to neural development at important junctures in neuro-plasticity. Research 
needs to focus on the role of the ACC, the OFC as well as the PFC and the relationship human–
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Jan Yorke, Researcher 
University of Tennessee, Knoxville 
College of Social Work, 
1618 Cumberland Ave. 109 Henson Hall 
Knoxville, TN 37996-3333 
Research Information Letter: Child Welfare Agency 
The role of equine-human interaction in children’s and horses cortisol (stress) levels  
 
Dear Sir/Madam: 
Thank you for your interest in the research study on children and horses.  It is my hope that this 
study will offer some new insights into the possible therapeutic value of the therapeutic riding 
programs for children who have experienced trauma. 
 
I would like to ask for your assistance in recommending children for the study who have 
experienced some kind of trauma. Trauma is defined in the DSM IV-TR as “ …having direct 
personal experience of an event that involves actual or threatened death or serious injury, or other 
threats to one’s physical integrity” Criterion A1, p.463).   The children will have an opportunity 
to draw pictures, write stories for 6 days at a farm and ride the horss in a therapeutic riding 
program for 6 days. They  will be also assessed using noninvasive heart rate monitors and cortisol 
samples for three weeks before and after the study.  I will meet with you and, with the written 
consent of a guardian or parent, provide some specific information to children who you identify 
as benefiting from this kind of study.  Unfortunately, because only 6 participants will be chosen 
for the study, it may not be possible to invite all individuals who express interest to participate in 
the interviews.  Children who are screened but do not participate can go on the waiting list for the 
therapeutic riding program. 
 
Enclosed please find an Informed Consent Statement.  I am asking you to make this vailable to 
guardians of potential participants in your agency. If you need to mail it I will supply the postage. 
This statement provides basic information about the intent and the various steps in the study.  
 
The research is the doctoral research of the principal researcher, Jan Yorke. I am currently a PhD 
student at the University of Tennessee, College of Social Work.  As the researcher I will do my 
utmost to answer any questions you might have about the research or the attached information 
(Jan Yorke, Phone: 865-228-8374 or 705-325-2740, ext. 3204; e-mail: jyorke@utk.edu).  The 
research will take place at ________ Farm in Ashburn, Ontario.  If you have any questions 
regarding the study you are welcome to contact myself or my doctoral committee chair, Dr. Bill 
Nugent (865-974-3802, email: wnugent@utk.edu) or Dr. Elizabeth Strand, my co-advisor in 
Veterinary Social Work (865-974-8387, email: strand@utk.edu). 
 
Again, the children’s participation is voluntary.  If you are interested in recommending children 
in your care to participate in this study, please have a guardian sign the attached Consent to 
Contact Statement and contact the principal researcher at the phone number or email address 







Consent to Contact 
 
I _________________ hereby consent to be contacted by Jan Yorke, a researcher 
studying children and stress, about a study she is doing that my child (age and gender) 
might be interested in participating in.  The study looks at stress levels of both children 
and horses while children participate in a therapeutic riding program.  This would incl e 
riding a horse at _______ Farms.  I am aware that talking to Jan about the study and 
signing this form does not mean that I am agreeing that my child will participate in the 
study.  It only means I give her permission to contact me to give me information about 
the study.   
 
Guardian _________________________________     Date _____________________ 
 
Witness __________________________________    Date ______________________  
Name: ___________________________________(please print) 




Appendix III  
University of Tennessee, College of Social Work, College of Veterinary Medicine 
Informed Consent Statement 
The role of equine-human interaction in children’s and horses cortisol levels  





You are invited to participate in a research study.  The purpose of this study is o explore the 
effect of horse-human interaction on children who have experienced trauma. The researcher is a 
doctoral student at the University of Tennessee, College of Social Work, Knoxville, working with 
the College of Veterinary Medicine.  Children will be in a 6-day therapeutic riding program that 
is designed to help reduce symptoms related to the children’s trauma.  
 
INFORMATION ABOUT PARTICIPANTS INVOLVED IN THE STUDY  
 
Children will be asked to participate in the study through agencies in thecommunity that might 
have contact with them.  Parents or guardians must approve that the child participate, the child 
must want to participate and the child must be between 8 and 10 years old.  Children cannot be on 
medication.  They will be asked some questions to determine if they will qual fy for the research 
study.   
 
Children who qualify will be enrolled in a therapeutic riding program. The study will run for 12 
days.  For 6 days they will come to the (name of farm)where they will groom (brush) the horse 
for the first 15 minutes, then ride the horse for 30 minutes and finally groom the horse for 15 
minutes. The children will be video-taped while riding the horse. On the remaining 6 days 
children will also be asked to come to the farm a few days before the riding program and after, to 
draw some pictures and write stories for one hour per day.  
 
Horses in this program have all been trained to work with children and have been doing so for at 
least 2 years. There will always be a trained riding coach with your child and the horse. When the 
child rides the horse, trained volunteers will walk on either side of the hors , and lead the horse. 
Three times during their daily riding program we will take samples of their saliva to test their 
cortisol levels. Cortisol levels are related to how stressed chil ren are. To sample their saliva I 
will simply use a q-tip to wipe the inside of their cheek or have them spit in a small container. 
Children will also wear a heart rate monitor around their wrist while drawing pictures, writing 
stories and grooming and riding the horses. The monitor looks something like a wrist watch and 
is very comfortable. The children will also be asked questions about how they feel before and 
after the ride. Saliva samples will also be taken on days that the child comes to the farm to draw 
pictures and write stories. 
I will also need to have saliva samples one day a week, for three weeks b fore the program starts 
and one day a week, for three weeks, after the program ends. I will teach you how to do so. You 
will  collect the sample and store it in the freezer until I pick it up. The final day I will come to 






Horses can be stressful for children because of their size and sudden movements.  There is also a 
risk that children can be injured by the horse. However, we are doing many things to keep this 
from happening.  The study will use horses that regularly participate in therapeutic riding 
programs and that we believe are safe for children to ride.  These horses ave been chosen for 
their quiet and patient behavior and no child has ever been hurt by the horses in this tudy.  
 
The riding facility has been approved by the Canadian Therapeutic Riding Association. Certain 
children are not suitable for the program.  We will talk with you about your child’s behaviors and 
allergies before determining whether the child can participate.  
  
Another risk is that children may become upset when working with the horse. I am a social 
worker with riding experience who understands horses and will be available throughout the study 
to assist children who may need support.   
 
Children can refuse to ride if they are uncomfortable doing so.  If they just wish to rest then they 
can resume riding the next day.  If they no longer want to ride it will be explained that they must 
leave the study. 
 
A final risk is that someone not in the study could identify your child. However, it is unlikely to 
occur because there are many methods I will use to make sure this does not happen.  Many 
children participate in the riding program and those in the study will not be identified as any 
different from all of the other children.  All of the staff will sign agreements to keep the study and 
the children in it confidential.  The information collected will be stored in a safe, locked place and 
destroyed at the end of the study.   
 
A copy of the videos of your child riding will be given to you at the end of the study if you wish.  
I will also keep a copy of the videos so that I can review them to look for signs of stress in the 




The risks of this study are minimal compared to the benefits. The children may receive some 
benefit if the therapeutic riding program is successful because it may decrease traumatic 
symptoms in children. Children who agree to participate but who do not qualify for the study will 
be placed on the waiting list for the riding program. This study would also contribute to a 
scholarly evidence-based theory of EAA/T practice in social work. 
 
EMERGENCY MEDICAL TREATMENT   
The University of Tennessee does not "automatically" reimburse subjects for medical claims or 
other compensation. If physical injury is suffered in the course of research, or for more 
information, please notify the investigator in charge (Jan Yorke, 865-228-8374 or Bill Nugent, 
865-661-9484).  
 
CONFIDENTIALITY   
 
Only the principal researcher and the staff will be able identify children in the study from other 
children in the program. All research data, videotapes, and identifying information will be labeled 
with codes so that participants cannot be identified. All identifying information will be stored in a 
locked, secure cabinet and will be destroyed after the research is completed. A summary of the 
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research results will be provided to the participants upon completion of the study. No identifying 
information will be in the report.  The research results will be published as a doctoral thesis and 
subsequent publications may ensue. No identifying information about participants will be 
disclosed in any publication. The researcher, Janet Yorke, and the research advisors, Dr. 
Elizabeth Strand and Dr. Bill Nugent, are the only individuals who will have accss to the raw 
data. 
 
CONTACT INFORMATION  
 
If you have questions at any time about the study or the procedures, (or you experience adverse 
effects as a result of participating in this study) you may contact the researcher, Janet Yorke, at 
865-228-8374, and/or her research advisor Dr. Bill Nugent, University of Tennesse, College of 
Social Work, (865-974-3802).  This project has been reviewed and approved by the Colleg  of 
Social Work and University of Tennessee Ethics Boards.  If you feel you have not b en reated 
according to the descriptions in this form, or your rights as a participant in research have been 
violated during the course of this project, you may contact Brenda Lawson, Compliance officer 




The participation of your child in this study is voluntary; you may decline to have them 
participate without penalty.  If you decide that they will participate, you may withdraw them from 
the study at any time without penalty and without loss of benefits to which you are otherwise 
entitled.  If you withdraw from the study before data collection is completed your data will be 





I have read and understand the above information.  I consent to the saliva tests collected from my 
child being included in the study. 
 
Guardian’s signature_________________________________ Date _________________ 
 
 
Investigator's signature_______________________________      Date _________________ 
 
 
I consent to the researcher considering my child for the study and therefore participate in the 
screening process of the study.  I give permission to the researcher to ontact me by phone. 
 
Guardian's signature_________________________________ Date _________________ 
 
 
Investigator’s signature_______________________________      Date _________________ 
 
(To be completed by those participating in the riding part of the study): 
I consent to my child taking part in the therapeutic riding portion of the study which includes  
• grooming and riding of the horse,  
• saliva testing and video-taping of the interaction  




Guardian’s signature_________________________________ Date _________________ 
 
 
Investigator's signature_______________________________  Date _________________ 
 
 
I consent to my child’s video-tape being used for a follow up research project that alculates the 
relationship between the child’s and the horses’ behavior.  I understand the tape will be returned 
to me or destroyed at the completion of this study. 
 
Guardian’s signature_________________________________ Date _________________ 
 
 
Investigator's signature_______________________________  Date _________________ 
 
 
I would like to receive a summary of the study’s final results 
Yes _____   No _____ 
If yes, mailing address:  _______________________________________ 
              _______________________________________ 
   _______________________________________ 




Assent Form for Children 
The role of equine-human interaction in children’s and horses cortisol levels  
 
I.   Assent is required for children (17 years of age and under) participating in a research 
study. Assent must be obtained in addition to parental consent. The following is an 
example:  
Examiner: Hello, my name is Jan Yorke. Your mom says that you are willing to help me. 
All you have to do is spit in this little plastic jar (show the child the vial) or we will get 
you to soak a q-tip in your mouth with spit and wear this watch for the time we talk. 
Then, I will ask you to do some other things, like answer some questions about how you 
feel. It is really easy, and I am sure that you will do a good job. There is also a horse 
program you could come to if you are interested. You will get to draw pictures, write 
stories and visit with and ride a horse.  I will also take a video of you riding the horse. 
Are you willing to help with this project? (Child's response). Great! I think you will find 
that these things are easy and fun to do. If you decide that you don't want to do this 
anymore, all you have to do is tell me. You can just say, "I don't want to do this 
anymore." Okay? (Child's response). 
I really appreciate your help! You will sit on this chair across the table from me (at home 
or the child welfare agency), so you can hear the questions I ask you. Are you r ady? 
Let's begin. 
II.   The examiner(principal researcher) will use the following procedures during the 
course of test administration:  
• Maintain a pleasant facial expression. 
• Give general reinforcement by means of these example comments: 
"You're really working hard." 
"Good work!" 
"I can see that you are looking at the pictures carefully." 
"You are really listening well!" (Child's first name), I'm proud of the hard work you are 
doing." 
"You did turn your eyes and ears on, didn't you?" 
III.   The examiner will use the following procedures at the end of test administration:  
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• If the child wishes to stop during the testing, the examiner will maintain a neutral 
expression, close the booklet, and say, "All right, thank you for helping me again. 
Let's go back to see your mom or dad or worker." The principal researcher will 
explain that we can stop for awhile and come back or stop the study all together if 
they need to go to the bathroom or they want to look around at the facilities a bit 
before they decide to continue.  If the child decides to quit at this point it will be 
explained that they are quitting the riding part also.  It will also be explained that 
the questions, drawing and writing are all a part of the study, as well as the riding. 
• When the testing is completed, the examiner will say, "Thank you for helping me 
again. You have really worked hard today. Here are some "Horse Pencils" for all 
your good work. You may choose one. Let's go back to see your mom or dad or 
worker." 
IV.   These behavioral management guidelines will be followed during test 
administration:  
• Prompts will include phrases such as:  
"Remember to stay in your seat so you can do a good job." 
"Keep listening carefully." 
"Please wait until I am finished with the question before you give your answer." 
"Please keep your eyes and your ears turned on." 
• If the child is unable to be conditioned to take the test, administration will be 
discontinued. 
Appendix V 
Baseline sample collection sheet (guardians) 
Hello!  Thank you for helping with this ‘spit’ collection 
Follow the steps below for collecting baseline samples: 
 
1. PLEASE ask your son or daughter to spit in the vial 3 times a day.  Each vial is marked 
morning (#1), mid day (#2) or night (#3).  Samples should be collected first thing in the 
morning, 7:00 am to 9:00 am (just out of bed, before breakfast and teeth cleaning), mid 
day, 4:30 pm to 6:30 pm (resting for 30 minutes before, no food for 30 minutes before) 
and night, 7:30 pm to 9:30 pm (resting 30 minutes before sleep, before brushing teeth, 30 
minutes after any snack). 
 
2. please fill the vial with as much saliva as possible and then screw the cap closed 
 
3. using the time sheet, write down the time you collected the sample – don’t worry ab ut 
the time not being exactly the same as the day before but try to get as close as possible.  
This information helps us to see the pattern – that is what is important. 
 
4. put the vial in the fridge after you fill it 
 
5. when all 3 vials are full, put them in the bag, with the time sheet and instruction sheet, 
and put them in the freezer 
 
6. when you are done, Jan will phone you and arrange to pick the samples up. 
 








Research Schedule: Proposal, Preparation, Analysis, & Defense 
Start Date Task Date of Completion 
September 2008 Seek child welfare agencies November 2008 
October 2008 Defend & revise proposal November 2009 
October 2008 IRB November 2008 
October 2008 Screen participants November 2008 
November 2008 Start baselines November 2008 
December 2008 Collect data January 2009 
January 2009 Seek participants April 2009 
January 2009 Follow up & analyze data February 2009 
February 2009 Screen participants March 2009 
March 2009 Collect baselines April 2009 
April 2009 Collect Data April 2009 
April 2009 Follow up May 2009 
May  2009 Analyze Data June 2009 
June 2009 Prep dissertation draft July 2009 
July 2009 Submit dissertation draft August 2009 
August 2009 Submit dissertation revisions August  2009 
August 2009 Schedule dissertation defense October /Nov 2009 
September 2009 Revise dissertation draft September 2009 
October  2009 Defend dissertation October 2009 
December 2009 Revise final dissertation November 2009 
December 2009 Submit final dissertation December 2009 
 
 




The National Institutes of Health (NIH) Office of Extramural Research certifies that Jan Yorke 
successfully completed the NIH Web
Participants”. 
Date of completion: 09/16/2008 
Certification Number: 95433  
 
 
Certification for Research with Animal Subjects
 
 
University of Tennessee at Knoxville 
completed the course and passed the examination for 





 Appendix VII 
Subjects 
 
-based training course “Protecting Human Research 
 
 
 This certifies that on 






and earned 1 CEU on the 
 










UTK ANIMAL CARE AND USE TRAINING RECORD 
Must be completed by each person listed on protocol 
 
Name:       Date:  
 
Depart. Affiliation:     Title:  
 
Campus Phone #     Campus Address: 
 
Project Director:     Emergency Phone # 
 
 
Protocol(s) #       Email: 
 
1.  Relevant training, education (include degrees and subject area)  and experience BA, MSW, PhD fellow veterinary social work 
2.  Will your activities involve animal contact?    X Yes     No 
 
3.  Species of animal involved: horses 
 




5.  Have you received formal and/or “on-the-job” training in:  
(A) the care of the species of animals being worked with?            X Yes    No 
(B) the handling of the animal species being worked with?   X Yes    No 
(C) the experimental procedures to be performed as part of this protocol? X Yes    No; if yes, how long have you 
been performing these procedures?____________________________________________________ 
 
6.  Date(s)/Institution(s)/Person(s) who trained you: 
 
7.  If you have no previous training ( to #5 above), who will train you?  
Dr. Carla Sommardahl 
 
8.  Documentation of all training is to be maintained in the laboratory or study area including procedur  demonstrated and names 
of individuals participating. 
 
9.  Have you familiarized yourself with the current UT IACUC Policies?         X  Yes        No 
 
10.  Are you enrolled in the UT Animal Care and Use Occupational Health & Safety Program?  X Yes        No 
11.  Have you completed the required on-line VA training? ( available at <researchtraining.org>)              X  Yes        No 
12.  Have you read the Basic Care sheet for the animal species you will be working with? (available at 
http://www.vet.utk.edu/research/olac/policy.shtml)     N/A YES        No 
13.  If working with agriculture animals, have you viewed the introductory Federation of Animal Scienc Societies (FASS) tapes, 








Signature __________________________________   Date _____________________________ 
  Project Director 
Jan Yorke June 25, 2008 
Social work/veterinary PhD fellow 
865-228-8374 
 







Appendix IX   




























       
       
       
       
       
       
       
       








Appendix X  
Baseline/Follow up Saliva Collection Instructions, Horses 
Laura and Jan 
Follow the steps below for collecting baseline samples: 
 
8. PLEASE wash your hands before you start collecting samples 
 
9. use latex gloves to take the cotton swabs out and put them in the horse’s mouth 
 
10. show the horse the apple pieces that you have 
 
11. be careful to leave the swab in the mouth for several minutes to absorb enough saliva 
 
12. use the scissors (soaking in Vicon in the bucket) to cut the soaked piece of swab (about 2 
inches) off, drop it on the clean wax paper and put it in the vial with the tweezers 
 
13. make sure the vial is marked properly (#1 morning, #2 mid day or #3 night), Horse # 
 
14. write down on the time sheet the time you collected the sample (the time you put it in the 
vial) 
 
15. give that poor horse a piece of apple! 
 
16. store the vial in the bag in the fridge until you collect the next sample of the day 
 





Baseline/Follow up Saliva Collection Instructions, Guardians and Children 
 
Hello!  Thank you for helping with this ‘spit’ collection 
Follow the steps below for collecting baseline samples: 
 
1. PLEASE ask your son or daughter to spit in the vial 3 times a day.  Each vial is marked 
morning (#1), mid day (#2) or night (#3).  Samples should be collected first thing in the 
morning (just out of bed, before breakfast and teeth cleaning), mid day (resting for 30 
minutes before, no food for 30 minutes before) and night (resting 30 minutes before 
sleep, before brushing teeth, 30 minutes after any snack). 
 
2. please fill the vial with as much saliva as possible and then snap the cap closed 
 
3. using the time sheet, write down the time you collected the sample – don’t worry ab ut 
the time not being exactly the same as the day before but try to get as close as possible.  
This information helps us to see the pattern – that is what is important 
 
4. put the vial in the fridge after you fill it 
 
5. when all 3 vials are full, put them in the bag, with the time sheet and instruction sheet, 
and put them in the freezer 
 
6. when you are done, Jan will phone you and arrange to pick the samples up 
 










Appendix XII   
Heart Rate Collection sheets, children 
Time Sheet   Heart rate Monitoring (HR) Schedule Polar files for children 
Child’s  # 
 
Date of HR 
collection 









      
      
      
      
      
      
      























(at start of 
1 hour 
session) 





















       
       
       
       
       
       
       
       




Appendix XIV  
Instructions, Volunteer Team for Study 
Daily volunteer/Jan/Laura research instructions  
Just to Remind you – this information is confidential and for your eyes only!  
Thank you for your attention to this important detail!  ☺ 
 
1. Volunteers look at schedule and role for the project 
2. Jan/Laura Set up vials for horses and children for each day 
 
3. Make sure horses are in 1 hour before sample collection, with no food! 
 
4. Set up drawing/writing material in the children’s centre OR set up equipment for 
grooming and riding 
 
5. Put chest strap and watch on children immediately when they arrive.  Collect saliva 
sample in numbered vial. Activate watch by 
 
i. Pressing red triangle at the bottom of the watch face 
ii.  Press red triangle again (says on over it) to start collecting heart rate 
 
 
6. Walk child up to children’s centre – explain that they have the next hour to draw and 
write about horses.  On the first day explain the rules of the barn 
i. No running or shouting or fast movements 
ii.  Always wear your boots and helmet 
iii.  Never walk behind the horse 
iv. Listen to the instructions of the coach/volunteer when you groom and put 
equipment (saddle, bridle) on the horse 
v. Colour diagram that provides horse information 
 
 
7. Collect saliva samples every 20 minutes at children’s centre when drawing and writing 
AND after grooming, riding and before child leaves 
 
8. Stop watch from collecting heart rate (lower right hand button on the watch).  Don’t
forget to remove chest strap and watch at the end of the child’s session!  Give to Jan 
to download file, restart watch for next child. 
 






Colleen - drawing and writing, side walking, saliva samples from children in children’s 
centre 
 
Brenda – drawing and writing, side walking, saliva samples from children in children’s 
centre 
 
Reena/Sabrina – STAIC – S (Reena), watches, chest straps, side walking 
 
Megan – leading, grooming 
 
Rebecca – leading, grooming 
 
Jan – pre-post STAIC tests, watch downloads and resets, side walking, horse saliva samples, 
prep for each evening 
 
Mike  – videos, side walking, saliva samples from horses in barn 
 







Volunteer Training Handouts  





Volunteers will be asked to participate in the 12 day study by providing the following support for 
the children and horses: 
Side walkers and Leaders for therapeutic riding (phase C) 
Assistance with sample collection during riding (saliva and heart monitors) phae C 
Assistance with children drawing and writing pictures (phase B) 
Assistance with sample collection during drawing and writing (phase B) 
Video-taping of riding interactions (phase C) 
 
Volunteers must be available for the full 12 days from 4:00 pm until 7:30, from April 19th 
(Sunday) until April 30th (Thursday).  The first day, April 19th is a Sunday, and children will 
come early to complete some testing before they draw pictures and write a story for one hour.  
Volunteers will be asked to attend.  It is expected that samples and study sessions will occur a 
little early that day, from 1:00 to 4:00 pm in the afternoon.  Upon arrival at the visitor’s centre to 
draw pictures and write stories they will have a sample of saliva (spit in a small tube), collected.  
Every 20 minutes until the hour is over they will be asked for a saliva sample.   
This is a single subject design (focuses on each individual child and each child/horse pair) that is 
multiple baseline (each child is phased into the 6 consecutive days of riding, one by one), so th  
first day all 3 children spend one hour, separately, drawing pictures and writing stories.  The next 
day two children repeat this process and the third begins 6 consecutive days of riding.  One the 
third day one child remains drawing pictures and writing stories and the second child begins 6 
consecutive days of riding.  On the fourth day, all 3 children are riding.  Each child ends th ir 6 
days of riding and then returns to drawing pictures and writing stories until the 12 consecutive 
days of the study are complete (see attach diagram A). 
 
Phases of the Study 
 
A Phases (before and after the 12 day study) 
 
The children’s Guardian/parent will obtain saliva samples, as described above, three times a day, 
one day a week for the three weeks of baseline.  The principal investigator will collect these 
samples from the child’s guardian at the end of baseline phases. On or before the first day of the 
B phase, the principal investigator will meet with the child and administer the STAIC-T (short 
questionnaires) before they begin the drawing and writing. 
 




The children will draw a picture, write a story and interact with the reseach r during the B 
phases of the study.   This will take place at the farm in a playroom/classroom facility.  Saliva 
samples will be collected every 20 minutes and heart rate will be continuously monitored. The 
STAIC-S will be administered before and after each one hour drawing and writing session in the 
first B phase.  Volunteers will be assigned to work with the same child throughout this and every 
phase of the study. 
  
C Phase (grooming and riding) 
 
Children will be assigned to work with one individual horse for the grooming and riding 
activities as well as the same volunteers throughout this phase, as they did in phase B. Children 
will be involved in the grooming/riding for one hour a day, for 6 consecutive days.  They will 
groom the horse for 15 minutes, ride for 30 minutes and groom again for 15 minutes.  Saliva 
samples will be measured every 20 minutes and heart rate will be monitored continuously.  The 
STAIC-S will be administered before and after the child rides the horse.   
 
The phases of the study that volunteers will take part in are as follows: 
 
In the B phase, children will come to (name of farm), in the children’s centre, for one hour a day 
to draw a picture and write a story.  Volunteers will be on hand to assist with this phase and 
create a consistent presence for the children.  The STAIC-S (short questionnaire) will be 
administered by Jan, the researcher, before and after each drawing and writing session.  During 
this phase the child’s heart rate will be monitored continuously, and her or his saliva sample  
will be collected every 20 minutes.  Specific vials will be marked for each child and each horse 
for saliva samples.  Volunteers will be sure that the wrist watch is in place for the heart 
monitoring in each session and remove it afterward.   
 
The C phase will involve the children coming to the farm for an hour.  Volunteers will be 
available to assist children by offering help with grooming if required. Before the child starts 
grooming the horse saliva samples will be taken from both horse and child and heart monitors 
will be attached. The STAIC-S will be administered before and after the one hour session is over.  
During this hour participants will groom a horse for 15 minutes, ride the horse for 30 minutes, 
and then groom the horse for another 15 minutes.  Saliva samples will be collected by Jan from 
the children and Jan/Laura from the horses, during this phase every 20 minutes, and the 
children’s and horse’s heart rates will be continuously monitored using the wrist watches and 
equine hear monitors. Video taping of the riding will be made of the child riding the hors, five 
minutes at the beginning and five minutes at the end of each 30 minute session. Volunteers will 
also sidewalk and act as leaders for the 30 minute riding session.   
 
The second B phase will have the child come to the farm for one hour per day for drawing and 
writing.  Saliva samples and heart rates will be collected as described above for the first B phase.  
 
A Typical Daily Schedule: 
 




4:00 pm – Jan and volunteers arrives at the farm, make sure the room is set up for the children to 
draw and write in 
 
4:30 pm – arrival of child volunteer is assigned to child #1 – assigned volunteer(s) greet  child 
and helps Jan organize session.  Jan does STAIC-S and collects saliva sample, making sure the 
child has rested for a minute and asking if they have eaten in the last 30 minutes.  Volunteer 
attaches wrist watch heart monitor.  Jan writes down time samples are collected on timesheet.  
Jan and volunteer make sure samples are collected and recorded every 20 minutes up to 1 hour.  
Jan does final STAIC-S and saliva sample.  Volunteer(s) walk child to parent/guardian.   
 
4:00 pm – Jan/Laura get ready to collect saliva samples from horses, making sure they haven’t 
eaten for 30 minutes and that they have rested inside for at least 30 minutes. 
 
4:30 pm – Jan/Laura collect first saliva samples from horse assigned to child #1.  They collect 
samples every 20 minutes from horses up to 1 hour.  
 
5:30 pm- arrival of child #2 in the study……… 
 
5:30 pm – Jan/Laura collect saliva samples from the horse assigned to child #2….. 
 
6:30 pm – arrival of child #3 in the study……… 
 
6:30 pm – Jan/Laura collect saliva samples from the horse assigned to child #3….. 
 
Phase C (grooming and riding) 
4:00 pm – Jan and volunteers arrives at the farm, make sure stable is set up for the therapeu ic 
riding (helmets, boots, tack, grooming buckets, horses in stalls, no feed) 
 
4:30 pm – arrival of child volunteer is assigned to child #1 – assigned volunteer(s) greet  child 
and helps Jan organize session.  Jan does STAIC-S and collects saliva sample, making sure the 
child has rested for a minute and asking if they have eaten in the last 30 minutes.  Volunteer 
attaches wrist watch heart monitor.  Jan writes down time samples are collected on timesheet.  
Jan and volunteer make sure samples are collected and recorded every 20 minutes up to 1 hour.  
They will collect samples while the children are riding. Children provide saliva samples, groom 
horses with volunteers, walk to the arena, mount with side walkers and leader present, provide 
saliva sample, ride for 30 minutes with the coach, provide another saliva sample, dismount with 
assistance from volunteers, and finally groom horse after ride.  Jan does final STAIC-  and 
saliva sample.  Volunteer(s) walk child to parent/guardian.   
 
4:00 pm – Jan/Laura get ready to collect saliva samples from horses, making sure they haven’t 
eaten for 30 minutes and that they have rested inside for at least 30 minutes. They will collect 
samples from the horse while it is being ridden.  
 
4:30 pm – Jan/Laura collect first saliva samples from horse assigned to child #1.  They collect 
samples every 20 minutes from horses up to 1 hour. They will collect samples from horses while 





5:30 pm- arrival of child #2 in the study……… 
 
5:30 pm – Jan/Laura collect saliva samples from the horse assigned to child #2….. 
 
6:30 pm – arrival of child #3 in the study……… 
 
6:30 pm – Jan/Laura collect saliva samples from the horse assigned to child #3….. 
 
Expectations of Volunteers during the Study 
 
Research requires that all aspects of a study be as consistent as possible.  This study is measuring 
the impact of the child on the horse and the horse on the child.  It is not measuring the impact of 
volunteers, coaches or researchers on the children per say, although it is acknowledged that they 
are all a part of the therapeutic riding experience in this study.  For that reason alone we ask that 
the same people work consistently for 12 consecutive days with the same child participant and 
the same horse.  
Volunteers are expected to assist with the study by being supportive without influencing the 
participants in the study.  This requires that the volunteer be helpful but not overly talkative with 
the participants or with each other while working with the children.  It requires that the 
volunteers be observant and pay attention to the schedule and protocol throughout the study 
(remember to put watches off and on; help children store grooming buckets and helmets; offer 
children a drink for the road when they leave).  
Volunteers are part of what makes the study environment safe and secure, and to that end, ey 
are essential.  Volunteers are part of the research team in that regard.   
 
YOU ARE IMPORTANT!  
 
This study cannot be successful without the help of our volunteers.  It requires a number of hands 
to complete all of the sample collection and assist with the therapeutic riding.  We thank you for 
your commitment to the study and look forward to working with you! 
 
 
Jan Yorke, researcher 
University of Tennessee 
 
Laura Ireland, Stable Manager 
Kelly Taylor, Volunteer Coordinator 




Appendix XVI  
Confidentiality Agreement, Volunteers 




I, __________________________ hereby agree to keep confidential all information related to 
the University of Tennessee study to take place from April 19th to April 30th, 2009 at (name of 
farm) with Jan Yorke. This includes the specific details of the study, the identity of children 
involved in the study as well as the referral sources for children who are involved in the study.  It 
also includes any test results, material produced by the children or the research rs included in the 
study, or the identity of family members of children who are participating in the study.  I hereby 
agree to not copy or share in whole or in part, any material associated with the study.  
 
Name (please print): _____________________________________________ 









Glossary of Abbreviations 
 
Animal assisted activities (AAA) 
Animal assisted therapy (AAT) 
Anterior Cingulate Cortex (ACC) 
Canadian Therapeutic Riding Association (CanTRA) 
Complimentary alternative medicine (CAM) 
Child PTSD Symptom Scale (CPSS) 
DSM-IV-TR; American Psychiatric Association [APA], 2000 
Equine assisted activities (EAA) 
Equine assisted interventions (EAI) 
Equine assisted psychotherapy (EAP) 
Equine assisted therapy (EAT) 
Equine Assisted Growth and Learning Association (EAGALA) 
North American Riding for the Handicapped Association (NARHA).   






Jan is a graduate of Ryerson Polytechnical Institute in Social Services, Wilfrid Laurier University in 
Psychology, Sociology (BA) & Social Work (MSW), and holds a PhD from the University of Tennessee, 
Knoxville, in social work.  Her work as an agency director, trainer, consultant and therapist has allowed 
her to acquire skills in community development as well as individual, group and family counseling. She 
has worked frontline in downtown Toronto with homeless individuals in the communities of Parkdale and 
Moss Park for 13 years. She was the director of a withdrawal management service in Simcoe County for 
nine years, and as a member of the Ontario Withdrawal Management Director’s Executive was involved 
in that capacity in standardizing education for front line workers in community mental health and 
addiction programs. 
  She was a faculty member at the Centre for Continuing Education at McMaster University in 
Hamilton, Ontario, for 11 years. Through McMaster University and the Seven Dir ctions Educational 
Initiative in Big Cove First Nation, New Brunswick, she delivered five First Nations’ focused diploma 
courses in Substance Abuse & Prevention on the Reserve in 1996 and 1997. In 1991 she received an 
award for her contributions to the addictions and mental health industry from the Ontario Mental Health 
and Addictions Federation. In 1998, she was given an ‘Excellence in Teaching’ award by McMaster 
University. She is a recipient (2001) of the President’s Shield Award from the Alcohol and Drug 
Recovery Association for her contributions to teaching frontline workers. Jan taught communication skills 
to 4th year veterinary students at the Ontario Veterinary College, the Univ rsity of Guelph (2002). She is 
currently employed full time at Georgian College, teaching in Justice and Public Safety (2009) and social 
work in Laurentian at Georgian. She has volunteered as an equestrian instructor fo  STRIDE, a Simcoe 
County program that assisted physically and developmentally challenged adults and children, learning to 
ride. She has published an article in Horsesport Magazine regarding anxiety and equestrian sports.  
She has completed a thesis on the equine-human bond and its impact on trauma, with the 
Universities of Guelph and Wilfrid Laurier. An article based on that work has been published in the 
international journal Anthrozoös, in 2008 (Yorke, Adams & Coady, 2008). She has presented posters at 
two international conferences in Japan and Canada, on human animal relationships a d effective 
communication.  She was a podium presenter at the 2003 Human Animal Bond Initiative Conference at 
Michigan State University in Ohio and ‘Representing Animals’ at Brock University in St. Catherine’s, 
Ontario.  She is a participant in a team of scholars from the University of Tennessee who are involved in a 
systematic review of literature that explores the relationship between human animal violence and human- 
human violence that is registered with the Campbell Collaboration.  Her reseach program focuses on 
evidence based approaches to therapeutic interaction and communication, in particular interspecies 




Waltham Symposium on Human Animal Interaction, on her most recently published article in Early Child 
Development and Care on human animal interaction and developmental neurobiology in traumatized 
children. (Yorke, in press).    
Her experience in the Canadian Maritimes prompted a return to New Brunswick and Nova Scotia 
in 1998 where she conducted two “vision process” retreats for the Board and Staff of the Atlantic First 
Nations AIDS Task Force, based in Nova Scotia. In June of 1999 she facilitated the consultation process 
for the HIV/AIDS strategy development, for the Province of Nova Scotia. Additionally, she has provided 
hundreds of training workshops and conference presentations, notably to case manag ment and intake 
staff regarding ‘Parenting Capacity of Substance Abusers’ for The County of Simcoe Children’s Aid 
Society in Ontario, front line medical and professional staff for the Toronto Urban Health Alliance, 
frontline workers in a variety of helping professions (veterinary medicine, mental health and addictions 
workers, trauma counselors, probation and parole workers, federal correctional s aff, the Ontario Attorney 
General’s office, Ontario Provincial Police Pornography Task Force) on Vicarious Trauma. She has 
provided workshops to medical staff and has been acknowledged in this regard by F mily Practice 
magazine.  
